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VOLUME TWO 


DISEASES OF THE DIGESTIVE ORGANS 


SECTION I 
DISEASES OF THE BUCCAL CAVITY 


1. Buccal Catarrh (Stomatitis Catarrhalis) 
(Stomatitis simplex) 


AEtiology. Catarrh of the buccal cavity may arise primarily after 
injury to the mucous membrane during the mastication of rough fodder; 
from the presence in the food of pointed foreign bodies (bone splinters, 
nails, needles, etc.); from dental anomalies or improper bridle-bits, and 
also as the result of rough manipulation of the mouth. In cattle, an 
ulcerative inflammation may be caused by licked-up hairs or the bearded 
grains of barley, and in pasture animals, according to Dougall, by the 
glandular hairs of the chick-pea (Cicer arietenum). According to Stalfors, 
ulceration of the dorsum of the tongue may be caused by hard particles 
in the fodder (straw, chaff, bearded grains), aided by the peculiar 
formation of the tongue and its movements during feeding (the opening 
of the dorsal groove of the tongue when this is extruded, and its closure 
when it is drawn in and moved during mastication). Accordingly, these 
changes are observed almost exclusively in dry fed‘animals, rarely in 
pasture animals during dry years. Essentially, this condition is a trauma 
caused by particles of fodder or hair becoming driven into the tongue, 
which, however, often becomes infected simultaneously or subsequently with 
- actinomycosis and pyogenic organisms, and the condition may occasionally 
assume a malignant character. A similar chronic traumatic inflammation 
of the tongue has been described in swine, caused by the penetration 
of sharp particles, causing lesions which later became infected with 
actinomycosis, leading to thickening of the body of the tongue and the 
formation of flattened warty protuberances on the surface, separated by 
deep furrows filled with particles of fodder. In pigs from 4 to 8 months 
old the formation of granulation tissue is also observed between the upper 
and more rarely the lower first molar and the cheek, probably caused by 


mechanical injuries. 
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Scalding by hot fodder (swill, broth) or hot medicinal draughts and 


chemical irritants may cause inflammatory conditions of the mouth. 

Mercury, iodine and lead, when administered internally for long 
periods, may also give rise to catarrh of the buccal cavity. ‘The milk of 
animals affected with mastitis, foot-and-mouth disease or cow-pox has 
also been observed to induce buccal catarrh in the suckling. In the 
same way the poisons contained in certain plants such as hemlock, 
ranunculacee, mustard, spurge, etc., and in some cases also Swedish clover, 
and fresh insufficiently aban hay oy have the same effect. 

In dogs, buccal catarrh has often been observed when the animals 
have been running in fields containing stinging-nettles, the hairs of which 
during the act of inspiration enter the mouth and become lodged in the 
mucous membrane. 

The alleged action of certain fungi in causing inflammatory conditions 
of the mouth has not been confirmed by experiments carried out by Pusch, 
V. Tubeuf and others. 

Certain hairy caterpillars (Bombyx processionalis, Porthesia chrysorrhea) , 
when ingested with the fodder, cause buccal inflammation because of 
the mechanical irritation which they induce and of the acid substances 
which they contain. In the same way plant lice, when taken in large 
quantities, and mites (Acarus farineé) are said to produce the same effect. 
Kriesche found leeches (/zrudo) on the buccal surface of the cheek in a dog 
and a horse. 

As a secondary condition catarrhal inflammation develops during the 
eruption of the teeth in the gums and surrounding mucous membrane 
(gingivitis, oulitis); also in the course of specific febrile infections and 
diseases of the digestive organs. Buccal catarrh (resulting from contiguous 
extension) is often associated with inflammation of the neighbouring 
organs (pharynx, larynx and salivary glands), and has been observed in 
the general nutritional disturbances (rachitis, anemia, scurvy); it may 
also be the first local sign of specific infective diseases (foot-and-mouth. 
disease, contagious pustular stomatitis of horses, rinderpest, malignant 
catarrhal fever). 

Symptoms. In acute buccal catarrh the increased sensitiveness of 
the mucous membrane causes difficulty in feeding, especially in the case 
of hard dry fodder. There is a macular or diffuse redness of the buccal 
mucous membrane, which is covered by tenacious mucus. ‘There is 
often swelling of the mucous membrane, which, however, is very pro- 
nounced only on the hard palate of horses, and is caused by venous con- 
gestion (so called “‘lampas’’). In severe cases the tongue may become 
swollen and so be injured by the teeth. Obstruction of the excretory 
ducts of the swollen salivary glands in horses often leads to the formation 
of small grey nedules in the lips, chiefly on their inner surface (stomatitis 
follicularis). ‘These occasionally form small superficial ulcers, which 
generally heal quickly, but in some cases become enlarged; occasionally 
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these ulcers develop on the neighbouring skin of the lips and muzzle, and 
are accompanied by swelling of the regional lymphatic glands and the 
afferent lymphatic vessels. | 

Vegetable husks, grains or hairs may give rise to.ulcers the size of a 
pea on the mucous membrane, especially on the lower half of the lower 
lip opposite the lower incisor teeth. 

In young horses during eruption of the molar teeth an enzootic 
alveolar periostitis with unilateral or bilateral swelling of the superior 
maxilla may develop, similar to osteoporosis. In old horses especially, 
alveolar caries occurs owing to imperfect closure between the molar 
teeth. In some cases of stomatitis an oedematous swelling of the lips 
and cheeks may occur. 

In nearly all cases there occurs increased secretion of saliva with 
salivation, together with a disagreeable sweetish odour due to decom- 
position of the saliva and epithelial debris (foetor ex ore). The loosened 
epithelium mixed with particles of fodder forms a light or dark grey, 
sometimes green or brown and often fissured, coating on the tongue. In 
cattle and in cats under similar conditions the so-called ‘‘ brush tongue ”’ 
occurs, due to proliferation of the epithelium of the filiform papille, 
producing a white or yellowish and rough surface on the dorsum. 

The term pip (pellicula lingue) is given to a greyish-brown, tough, 
pseudo-membranous coating on the thickened horny layer of the 
dorsal surface of the tongue in birds, especially in young chickens. It is 
especially well pronounced when its surface becomes dry as the result of 
breathing through the open beak. 

Chronic buccal catarrh causes much less disturbance of health 
than does the acute form. When, however, it is of long duration it may 
cause thickening of the mucous membrane, and in cattle papillary pro- 
liferation, producing a horny or bristly appearance of the mucosa. The 
common ulcer of the dorsal surface of the tongue in cattle (which as a rule 
causes no general symptoms and is usually only discovered accidentally 
during other examinations) presents the form of a round, oval or fissured 
defect of the epithelium, or more usually of the mucous membrane, with 
a whitish epithelial border and a grey, brownish or reddened base, otten _ 
covered with slimy pus, in which vegetable particles or hairs are usually 
found, and in which actinomyces are often discovered on microscopical. 
examination. 7 

Chronic inflammation of the mucous membrane of the cheek in swine 
leads to the formation of one or more pointed fibroid protuberances up 
to 2 cm. in length situated between the mucous membrane of the cheek 
and the first molar tooth. These may be associated with considerable 
pain and difficulty in mastication. 

Course. ‘The course of primary buccal catarrh is benign in character. 
Follicular stomatitis also, even with involvement of the adjacent skin, 
heals within 1 or 2 weeks, sometimes, however, with the formation 
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of whitish cicatrices. ‘The course of secondary stomatitis depends upon 
the nature of the primary affection. Dorsal ulcer of the tongue in cattle 
is sometimes the site of actinomycosis infection. 

Diagnosis. This presents no difficulty; examination of the other 
organs will decide the primary or secondary nature of the catarrh. Some 
specific infective diseases, however (foot-and-mouth disease, ulcerative 
stomatitis, pustulosa contagiosa, etc.), sometimes commence with simple 
buccal catarrh, and this must be borne in mind during the initial stage 

of the affection. 

Treatment. A suitable diet and removal of the causative factors 
are usually sufficient. Herbivora should be given green fodder, fine hay, 
bran or grain mash or mashed turnips, while sour milk and bran mixed 
with whey are suitable for swine, and for carnivora milk broths or finely 
minced meat. A change of fodder is indicated when the affection 
appears due to damaged or otherwise unsuitable food. Any foreign 
bodies present (awns, glumes, splinters, hairs, etc.) must be removed 
by hand or with forceps, sharp dental irregularities by tooth rasp. 
If necessary, caried teeth must be extracted. 

Local treatment consists in permitting the animal to rinse its mouth 
frequently in fresh water, and in buccal lavage by syringing one to three 
times a day with fresh water, salt and vinegar (vinegar 3iv., common salt 
3ss. in 14 pints of water). For small animals water containing 1 to 2 
per cent. of hydrochloric acid. In severe cases there may be employed 
dilute solutions of antiseptics such as potassium chlorate (1 to 3 per cent.), 
potassium permanganate (4 per cent.), alum or tannin (4 to 2 per cent.), 
boric acid (3 per cent.), hydrogen peroxide (3 per cent.), chinosol in 
alcohol and water (1: 30: 1,000). In large animals the solutions may 
be applied on a sponge or pledget of wool fastened to the end of a rod 
or a probe, or by means of an irrigator or a syringe, the nozzle of which 1s 
passed a finger’s length into the mouth at the commissure of the lips and 
directed against the opposite cheek. When the fore part of the mouth is 
affected the fluid should be injected slowly and obliquely towards the 
lips, at the same time holding the animal’s head obliquely downwards 
to facilitate escape of the fluid. 

In chronic buccal catarrh painting the affected parts with silver 
nitrate solution (1 to 2 per cent.) is useful. In the chronic inflammations of 
the mucous membrane of the cheek in swine speedy relief is afforded by 
severing the fibroid adhesions between the mucous membranes of the 
cheek and the gum. 

In the so-called pip of chickens the surface of the tongue should be 
painted with 2 per cent. boric acid or 4 per cent. permanganate of potassium 
solution, after previous softening and removal of the pseudo-membrane. 
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2. Bullous Inflammation of the Mouth (Stomatitis Vesiculosa 
Simplex) 


(Sporadic aphthe, Stomatitis aphthosa sporadica) 


Under these terms is designated an inflammation of the superficial 
layers of the mucous membrane of the mouth, which differs from foot- 
and-mouth disease, specific stomatitis of cattle and horses, and from the 
stomatitis pustulosa of horses in the formation of bulle with clear» 
contents. . 

Most veterinary authorities describe this condition as stomatitis aphthosa. In the authors’ 
opinion it is incorrect to apply the térm aphthe, which strictly signifies pseudo-membranes 


of the buccal mucosa (see p. 7). To distiriguish the affection from foot-and-mouth disease 
(aphthe epizootic) the term aphthe sporadice is used. 


Etiology. In horses and cattle, pasturing on rape stubble and the 
ingestion of Swedish clover have been suggested as causes of the affection, 
as has also the effect of certain fungi (Polydesmus exitiosus, Uromyces occultus). 
Michaelis observed three cases after feeding on germinating potatoes, 
the mouth affection being accompanied by a cutaneous eruption in the 
region of the feet. Bochberg observed the disease in horses belonging to 
the same owner, which had been fed on mouldy and dusty fodder. It 
is doubtful whether the condition observed by Dieckerhoff and Bochberg 
in horses and other animals has any etiological relation to the contagious 
vesicular stomatitis of horses and cattle caused by a filterable virus 
(see Vol. I.). This disease is common in South Africa and America, 
and was also of common occurrence on the continent of Europe during 
the Great War. The causal agent of this affection shows a close biological 
relationship to the virus of foot-and-mouth disease (Wagener). The 
negative results of inoculation in Dieckerhoff’s cases and the etiological 
determination by Bochberg are opposed to any etiological connection 
between the two diseases. 

The vesicular inflammation of the mouth which occurs in young pigs 
during the first days and weeks of post-natal life, and which was described 
by Adenot and Boissard as stomatitis aphthosa simplex, develops after 
slight injuries under unfavourable hygienic conditions. 

The bullous stomatitis known as salivation of rabbits, which according 
to Lustmann occurs principally in animals of intensive breeding, may be 
due to mechanical irritation by hard, pointed particles in the fodder, or 
to fodder in a state of decomposition. Seifried is of opinion that a primary 
and secondary infective agent are possible causal factors. 

Symptoms. In horses the buccal mucosa becomes hot, reddened 
and sensitive, and there is sometimes a slight rise in the body temperature. 
At the same time vesicles the size of a millet seed, lentil or bean filled with 
clear or yellowish fluid appear on the inner surface of the lips on each side 
of the frenum of the tongue, in the neighbourhood of the buccal commis- 
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sures, on. the gums between the teeth, and on the tip and sides of the tongue. 
The vesicles are transparent, thin-walled, flat or sometimes umbilicated. 
They rupture in 3 or 4 days, leaving superficial erosions which remain for 
a time partly covered with the whitish fragments of the torn vesicles. 
Adjacent erosions, by coalescence, sometimes give rise to irregular 
epithelial defects. The bright red surface of the erosions becomes 
covered in 5 or 6 days by a new epithelial covering. Bochberg observed 
the formation of pustules on the external skin, especially at the commis- 
sures of the mouth, at the nostrils, and also on the nasal mucosa. At the 
height of the disease there is profuse salivation and also considerable 
difficulty in feeding. 

In cattle, vesicles from the size of a lentil up to that of a sixpence or a 
shilling appear in a few days, chiefly on the hard palate and the inner 
surface of the lips. ‘These are similar in nature to those in the horse, and 
burst in the course of a few days, leaving dark red erosions bordered by 
the remains of the epithelial covering. These soon become covered 
with new epithelium. In some cases a “‘ smacking ”’ sound is produced 
in the mouth, but there is no marked salivation. ‘The duration of the 
disease varies from 1 or 2 days to 1 to 4 weeks. 

In young pigs there occurs the affection known as stomatitis aphthosa 
simplex or stomatitis ulcerosa pseudo-aphthosa, manifested by the 
appearance of clear vesicles on the tongue, especially on the lateral 
borders, which produce a characteristic gnawed appearance. At the 
same time the desire for sucking is diminished or completely suppressed, 
leading to impairment in nutrition and rapid loss of strength, and indeed 
often to death. 


In rabbits the disease commences with loss of appetite and salivation. ‘The 
animal rubs the saliva over the muzzle with the forepaws, producing a moist 
condition similar in appearance to that which occurs in rabbit “ snufHes.”’ 
At the same time papules and vesicles form on the lips, and often also on the 
tip and sides of the tongue and other parts of the buccal cavity; erosions, some- 
times of considerable extent, with a white base may also develop. On the 
skin the vesicles dry up, forming. grey scabs, and when these are shed the skin 
resumes its normal appearance. In a later stage of the disease diarrhoea 
occurs, which in conjunction with the complete loss of appetite may cause 
a fatal termination. On the other hand, the disease often subsides in a few days. 


Diagnosis. In horses, stomatitis pustulosa contagiosa is distinguished 
by the development of papules on the mucous membrane and on.the skin 
of the lips and nasal orifices, also by the subsequent appearance of sup- 
puration in their contents (according to Bochberg, the two diseases may 
in some cases closely resemble each other). The contagious vesicular 
stomatitis of cattle and horses may manifest itself by the continued de- 
velopment of new vesicles among the epithelial erosions. In some enzootics 
vesicles develop in the region of the feet, but differ from those of foot-and- 
mouth disease in being inoculable in the horse. Foot-and-mouth disease 
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commences with fever (according to Iversen, fever sometimes occurs also 
in simple vesicular stomatitis); the vesicles are much larger and are always 
present on the dorsum of the tongue; the appetite is lost and smacking 
noises in the mouth are usually in evidence; vesicles develop in the region 
of the hooves; the disease is very contagious and is inoculable in cattle, but 
not in horses. A definite diagnosis, however, can be made only after 
several days’ observation. The vesicular stomatitis of young pigs is 
recognised by the appearance and situation of the local lesions, especially 
when the possibility of foot-and-mouth disease can be excluded. In 
rabbit snuffles, the so-called “ salivation of rabbits,’ and in coccidial 
rhinitis there is nasal inflammation with profuse purulent discharge from 
the nose. In coccidial rhinitis coccidia are found in the secretion. 

_ Treatment. This is essentially similar to that for simple catarrhal 
stomatitis (g.v.). Walther recommended as a prophylactic painting the 
parts with a solution of aluminium chlorate 10 per cent. containing syrup 
or honey. Berg used in cattle a strong solution of copper sulphate, with 
good results. In sucking pigs it is advisable to open the vesicles, after 
which the mouth should be irrigated with mild antiseptic washes. It is 
important to overcome quickly the irritation of the mouth, so that sucking 
may be facilitated. In the so-called salivation of rabbits, the animals 
should be provided with clean bedding and dry fodder (oats, hay, 
bread), or cooked foodstuffs. The administration of drugs is un- 
necessary. he mouth may be irrigated with mild antiseptic washes, or 
a simple solution of sodium bicarbonate may be employed. Because of 
the possibility that some specific infectious disease may be mistaken for 
the affection, the animals affected should be isolated. 


3. Aphthous Inflammation of the Mouth (Stomatitis Aphthosa) 


(Aphthe sporadice; Stomatitis aphthosa; S. mycotica; Stomatitis fibrinoso-maculosa | 
(Fraenkel); Febris aphthosa simplex; S. benigna; Stomatite ulcéreuse bénigne (Cadéac ) 


Aphthous inflammation of the mouth is an independent disease of 
infectious or toxic origin, characterised by the formation of deposits 
formed by desquamated epithelium and fibrinous exudation. 


In Veterinary Medicine the term aphthe designates serous vesicles on the buccal mucosa; 
in Human Medicine, on the other hand, aphthe signify small, circular, whitish-yellow deposits 
on the mucous membrane, generally surrounded by a red areola and formed by epithelial 
necroses and fibrinous exudation (stomatitis fibrinoso-maculosa, Fraenkel), or by the formation 
of exudation under the epithelial layer which subsequently becomes shed. Some human 
pathologists apply the term exclusively to Bodnar’s aphthe (whitish-yellow or greyish-white 
macules of traumatic origin situated symmetrically on the soft palate). For the sake of clearness 
and from comparative pathological considerations this term, which is generally accepted in Human 
Medicine, is retained, although histological examination of the lesions in animals does not appear 
to have confirmed the connection, 
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& 


(a) Aphthous Inflammation of the Mouth in Sucklings 


(So-called Mundschwaémmchen, Kahn or Soor of sucklings; Stomatitis crouposa disseminata 
of sucklings [German]; Stomatite ulcéreuse des agneaux et des chevreaux |French]) 


This contagious disease is characterised by the formation of deposits, 
at first whitish, but later grey or greyish-yellow, on the mucous membrane, 
which after their removal expose an ulcerated surface on the inflamed 
mucosa. 

‘Etiology. The epizootic occurrence of the disease indicates its 
infective origin. Delafond succeeded in transmitting it artificially, and 
Besnoit found large Gram-positive cocci, occurring singly or in groups 
of two or four, both in the buccal lesions and in the internal organs, 
which, when inoculated, produced the disease in young sheep and goats. 
In some cases infection with the necrosis bacillus is possible. Joest found 
the Bacillus pyogenes, in the fibrinous and fibrino-purulent deposits. 
Occasionally paratyphoid bacilli appear to give rise to a pseudo-mem- 
branous inflammation of the mouth, and also the pseudo-tuberculosis 
bacillus (Preisz Nocard). Lastly, as cases of aphthous stomatitis some- 
times occur simultaneously with the so-called “lip scab,’ which is caused 
by an ultravirus, some authors attribute both diseases to a filterable 
virus. It is even possible that several different forms of disease are 
included under the name of aphthous stomatitis of sucklings. 

Predisposing causes include general debility and anemia, also lack 

of cleanliness and dampness of the animal houses. According to Moussu, 
_ however, robust animals kept under favourable Serle STERN and arena 
fed may be attacked. 

Symptoms. The disease appears most often in suckling lambs and 
goats, also in calves and foals, commencing with salivation, redness and | 
moderate swelling of the mucous membrane, followed in 1 or 2 days 
by the appearance of deposits on the dorsum and sides of the tongue 
(especially near the tip), the inner surface of the lips, behind the commis- 
sures of the mouth. These appear as whitish points which soon enlarge 
to the size of a lentil, forming white deposits, with the consistence of soft 
cheese or thick pus, surrounded by a bright red areola. As they gradually 
enlarge, the deposits increase in thickness and assume a grey and later a 
yellowish colour. They are easily removed, exposing slightly bleeding 
erosions (hence the name “ stomatite ulcéreuse’’). On the borders of 
the lips, which become swollen and painful, small vesicles develop which 
soon dry up to form yellowish-brown crusts (according to Ziirn, these only 
form after the vesicles have ruptured). Previously to the appearance of 
the local lesions the animals are affected with loss of appetite, with 
disinclination for sucking, increasing debility, and later with rapid 
emaciation. 


APHTHOUS STOMATITIS IN SUCKLINGS 9 


In favourable cases, in strong well-nourished animals, the erosions 
soon heal and become covered with new epithelium, and the disease 
terminates in 8 or 10 days with complete recovery. On the other hand, 
in severe cases, especially those occurring in 2-weeks-old lambs, and also 
in weakly animals, fresh lesions continue to develop in other parts of the 
mucous membrane and on the soft palate, which, together with the 
original lesions, form extensive yellowish-brown thick deposits, which 
later break down and form large ulcerations. Through extension of 
this process to the dental alveoli, loosening of the teeth may occur. As 
the disease progresses, bluish-red proliferations from the size of a millet 
seed to that of a mulberry, which bleed easily, develop on the parts of the 
mucous membrane denuded of epithelium. In all severe cases there is an 
offensive odour in the mouth (foetor ex ore). Eight to twenty per cent. of 
cases terminate fatally, and sometimes a third of the affected animals die, 
often from secondary infection leading to gastro-enteritis, septicaemia, 
broncho-pneumonia, miliary abscesses in the lungs and liver and lymph- 
atic glands. 

Diagnosis. ‘The characteristic macula and erosions, together with 
symptoms of acute stomatitis and the formation of vesicles on the borders 
_ of the lips, present a definite clinical picture. The presence of vesicles 

on the borders of the lips, the bright red areola of the macule, and 
the superficial ulcerations distinguish the disease from thrush. The 
absence of vesicles on the mucous membrane differentiates it from 
vesicular stomatitis, and also from foot-and-mouth disease, in which, at 
any rate in a large number of cases, there are also lesions of the feet. 
The simultaneous occurrence of mild cases without any ulceration of the 
mucosa distinguishes aphthous from ulcerative stomatitis. Aphthous 
stomatitis also differs from the so-called “‘ mouth scab”’ of sheep and 
goats in the integrity of the mucosa of the lips and pharynx, and also 
through the development of the characteristic deposits in the buccal 
cavity (see Vol. III.). 

Treatment. Healthy sucklings, with their mothers, must be separated 
from those which are affected, and examined at short intervals, so that 
any new cases can be immediately removed. ‘The sheep pens should be 
thoroughly cleaned and disinfected. ‘The affected lambs must be fed 
with milk freshly milked from their mothers, as they can no longer suck. 
If old enough to be weaned, they can be fed on milk and other liquid 
food. 

Special treatment consists in frequent washing of the buccal cavity 
with 4 per cent. boric acid or borax solution, 3 to 4 per cent. solution of 
potassium chlorate; application to the erosions of dilute tincture of 
iodine, iodine-glycerin (1 : 10), salicylic acid and honey (1:5). Erosions 
may also be painted with freshly prepared novarsenobenzol or neosal- 
varsan (I : 100 in water or I : 50 in glycerin). 
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(b) Infectious Papular Stomatitis of Cattle (Stomatitis 
Papulosa Bovum Infectiosa) 


(Gutartige Maulseuche [Ostertag and Bugge]; Stomatitis follicularis [Hess]; Stomatitis 
papillaris [Degive}) 


This is an acute infective disease caused by a filterable virus. It is 
afebrile and is manifested as a rule by the development of flat papules 
on the buccal mucosa and often also on the muzzle, resembling in appear- 
ance the aphthe of human pathology. } 

Etiology. According to the investigations of Ostertag and Bugge, 
and also of Yosikawa, the causal agent is an ultravirus. which is found 
in the pathological secretions of the mucous membrane and in the blood 
(according to Yosikawa its presence in the blood is not proved). 

Morbid material from the mucous membrane of affected animals, 
when inoculated into the buccal mucosa of healthy cattle, and also 
when introduced by subcutaneous and intravenous injection, gave rise, 
especially in young animals, to typical lesions of the disease. Filtered 
blood serum was found to be infective only in one case, and in none 
of Reinhardt’s and Yosikawa’s experiments. 

The route of natural infection is not yet known, but it is possible that 
the infectious material is introduced through injuries to the buccal mucosa. 

Pathogenesis. The pathological process commences with circum- 
scribed dilatations of the bloodvessels, together with migration of leuco- 
cytes in the superficial layers of the mucous membrane and the papille, 
as well as between the epithelial cells of the stratum germinativum, also 
swelling of the stratum corneum and prickle cell layer, with resulting 
vacuolation and nuclear atrophy, producing minute elevations. visible 
on the surface. In the meantime the breaking down of the epithelium 
increases towards the surface and is followed by desquamation, leaving 
the papillae covered only by the deepest layers of the epithelium. Even- 
tually the epithelium covering the papille proliferates and forms a new 
coating. 

Symptoms. The incubation period after artificial infection averages 
2 weeks, but sometimes transient symptoms appear after 3 to 8 days. 
On the inner surface and borders of the lips, the hard palate (especially 
on the sharp border of the ridge), at the commissures of the mouth, on 
the lower surface of the tongue and on the cheeks, occasionally also on 
the soft palate, flat papules appear the size of a millet seed or lentil. 
These sometimes coalesce to form larger foci. Similar papules appear 
in the integument of the muzzle. The papules and their surrounding 
area are bright red, but later assume a yellowish-white or yellowish-grey 
colour surrounded by a red areola. They are firmly attached to the 
subjacent tissue and cannot easily be removed, either as a pseudo-mem- 
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brane or otherwise. In the further course of the disease the epithelial 
covering desquamates without the previous formation of vesicles, and 
central, circular depressions are formed inthe papules, often with an 
irregular base and of a bright red or blackish colour, depending on the 
pale red or grey-black colour of the normal mucous membrane of the 
affected animal. As the erosion gradually enlarges to the size of a bean 
or larger the base becomes yellow. After a week the erosions become 
covered with new epithelium, but can usually be recognised for a period 
of 1 month by their red colour and rough surface. Recurrences are 
frequent and often repeated, so that the course of the disease may extend 
to several months, but recovery eventually takes place. Yosikawa ob- 
served 2 cases of prolonged immunity after recovery. 

Other symptoms are usually absent, but in severe cases there may 
be a formation of crusts on the skin, emaciation and a foetid odour from 
the mouth; also occasionally loss of appetite and difficulty in rumination, 
slight salivation and a slight purulent discharge. 


In a cow exhibiting grinding of teeth, salivation and diarrhcea, Liénaux found erosions 
similar to those in the mouth throughout the alimentary canal. Attempts to transmit the disease 
by experimental inoculation proved negative. Hess mentions the occurrence of small and 
sometimes ruptured vesicles the size of a hemp seed or pea. Reinhardt observed multiple 
yellowish-grey, dry, fissured pseudo-membranes firmly adherent to the surface of the mucosa. 


Diagnosis. The presence of the peculiar flat papules on the buccal 
mucosa and sometimes on the muzzle unaccompanied by any disturbance 
of the general health and without involvement of the feet, the slight extent 
of the lesions, and the frequently eroded appearance of the epithelium 
are sufficiently characteristic of the disease. It is distinguished from 
vesicular stomatitis by the absence of vesicles and salivation, and by the 
presence of papules. ‘These differential features also distinguish it from 
foot-and-mouth disease, in which large bulle are generally present on 
the dorsum of the tongue, and in which the feet are also affected. In 
aphthous stomatitis pseudo-membranous deposits form on the reddened 
mucous membrane, and the disease usually affects sucklings and newly 
weaned animals. | 

Treatment. This is similar to that for vesicular stomatitis. Isolation 
of the affected animals is indicated. 


(c) Pseudo-Aphthous Stomatitis (Stomatitis Pseudo-Aphthosa) 


Under this term there are included certain affections which differ from 
both aphthous and papular stomatitis, but resemble them either clinically 
or histologically, and the origin and nature of which are not definitely 
determined. In these affections there is pronounced epitheliotropia, 
which gives rise either to necrotic processes in the epithelial covering or 
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to an increased vulnerability thereof. There is also inflammatory exu- 
dation from the subepithelial bloodvessels. 


The diseases under consideration occur usually in cattle, more rarely in sheep, and have 
been described under the following ‘hames: sporadic stomatitis, pseudo-foot-and-mouth disease, 
pseudo-epidemic stomatitis or stomatitis erosiva (Pusch), cattle thrush (Hajnal), epidemic 
stomatitis of sheep, stomatitis ulcernsa of cattle (Bedel), pseudo-foot-and-mouth disease, 
stomatitis mycotica (Mohler), stomatitis pseudo-aphthosa, stomatitis herpetica. ‘To these may 
be added stomatitis epithelialis, epithelial anomaly of the dorsum of the tongue and stomatitis 
erosiva. 


‘Etiology. A®tiologically, these affections may be divided into three 
groups. The first group includes those diseases which are contagious 
and therefore of infective origin, in some cases due to the necrosis bacil- 

- lus. Some cases may be of my- 
cotic origin, although there is 
no experimental confirmation of 
such an assumption. It also ap- 
pears that certain cases of con- 
tagious papular stomatitis have 
been described as  pseudo- 
aphthous stomatitis. Further, 
Moussu is of opinion that the 
herpetic stomatitis described by 
him, the contagious papular 
stomatitis of Ostertag and Bugge, 
and the mycotic stomatitis of 
Mohler are different forms of 
one and the same disease. 

In> the= second crop ot 
pseudo - aphthous affections in- 
jurious food appears to be the 
exciting cause, as these affec- 
tions have been known to follow 
feeding with green clover, and, 
according to Révész, after the 
introduction of animals to rich 
pasture. | 
; As regards the cause of affec- 
Fic. 1.—Pseupo-arntHous Sromaqiris iN A tions forming the third group, 

Cow: Erostons IN THE HARD PALATE . : 

Cuerxs, Lips AND BorDERS OF THE LIPS. which are also non-contagious, 

nothing definite is known. Pusch 
believes that they may be due to some noxious agent which only gives 
rise to the disease when the resistance of the animal has been lowered 
by over-exertion (as in railway transit), or by irregular feeding or sudden 
changes in the fodder. 

In the last two groups, the disease appears chiefly in the late summer 
or early autumn, during dry years, and as a rule attacks only 10 to 15 per 
cent. of the herd. 


-base. In other cases cir- 
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Symptoms. For the sake of convenience the clinical symptoms 
may be divided into two groups. In the first group the buccal mucosa 
is affected alone or sometimes together with the integument of the muzzle. 
On the hard palate and gums, more rarely on the borders and tip of the 
tongue, and on the inner 
surface of the lips and 
cheeks, there appear grey- 
ish-white or greyish-brown 
pseudo - membranous _ dle- 
posits on a reddish-coloured 


cumscribed round red ero- 
sions (Fig. 1) appear, the 
bases of which are covered 
with a greyish-red or 
yellowish thin white mem- 
brane formed of softened 
epithelial cells, or some- 
times with a thicker deposit. 
Occasionally — punctiform 
hemorrhages are seen in 
the papillae of the mucous 
membrane (Pusch). . In 
some animals lenticular 
circumscribed __ protuber- 
ances and erosions appear 


on .the epithelial covering Fic. 2.— PsEUDO-APHTHOUS STOMATITIS IN A Cow: 
: = EROSIONS AND EPITHERIAL FIssURES ON THE DENTAL 
of the . muzzle (Fig. 2). Pap, Uprer Lip And Muzz.e. 


Other symptons are usually 


absent, and fever, salivation and digestive disorders are exceptional. 


In stomatitis epithelialis of cattle a purely epithelial change develops on the tongue, or more 
often on the upper lip. This consists in the formation of rounded, light yellow, or in the case 
of the tongue grey macule caused by loosening of the epithelium from its subjacent tissue by 
slight serous exudation. ‘This soon leads to detachment of the epithelium, leaving sharply 
defined depressions which become confluent. ‘This process extends to the muzzle and lips, or 
backwards to the pharynx. Similar epithelial changes are seen on the dorsum of the tongue 
in the form of dark, slightly raised macule which are limited to the superficial layers of the 
stratum corneum, with progressive softening of the upper epithelial layer, rapid healing of the 
central part and a tendency to spread. 

Stomatitis erosiva of cattle is caused by hard, sharp particles in the fodder, in conjunction with 
simultaneous bacterial infection. In this affection red rounded, lenticular macules appear on 
the hard palate and inner surface of the lips, sometimes also on the under surface of the tip of 
the tongue and on the muzzle, which, after detachment of the epithelium, are transformed into 
round rapidly healing erosions. ‘This affection is non-contagious and subsides in the course 
of 1 or 2 weeks. 


The clinical picture of the second group of pseudo-aphthous affections is 
characterised by the simultaneous affection of the mucous membrane, the 
skin of the extremities and udder, and in some cases the muzzle. It commences 
with a rise of temperature, accompanied by loss of appetite. ‘There is profuse 


—_ 
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salivation and sometimes smacking sounds occur in the mouth, as in foot-and- 
mouth disease. ‘The buccal mucosa is bright red and covered with wrinkled, 
pseudo-membranous deposits, situated especially on the hard palate, gums 
and inner surface of the lips. These deposits soon become detached and the 
erosions heal in a few days. On the muzzle, and occasionally on the nasal 
mucosa, lenticular, reddish-yellow or grey papules or crusts with a central 
depression and red areola appear. ‘The hinder extremities exhibit a dermatitis 
similar to that in ‘clover disease.” Kantorowicz observed lenticular papules 
along with vesicles and crusts on the skin of the udder. 

In both forms the disease runs a favourable course within a week, or in 
the case of the second group in 2 to 3 weeks, slight emaciation having occurred 
during the course of illness. In only exceptional and isolated cases the affec- 
tions have proved fatal as the result of secondary bacterial infection. 


Diagnosis. This is easy to establish by a study of the clinical 
syndrome. From foot-and-mouth disease it is distinguished by the 
absence of vesicular formation on the buccal mucous membrane ; the 
absence of vesicles on the dorsum of the tongue, feet and udder; the 
usual absence of a possible source of contagion and its slow progress in 
development. It is further distinguished by the presence of erosions or 
pseudo-membranous deposits on the buccal mucosa. The rare cases of 
foot-and-mouth disease in which, instead of the development of vesicles 
in the epithelium, macule appear on the usual seats of predilection, 
together with salivation and the production of smacking noises in the 
mouth, may be less clearly defined from pseudo-aphthous stomatitis, but 
these are isolated cases and can be recognised by the manifestation of fever 
and of digestive disturbance, the presence of lameness due to involvement 
of the feet, the rapid extension of the disease, and finally by the poses 
results of experimental inoculation. 

Pseudo-aphthous stomatitis is distinguished from simple vesicular 
stomatitis by the absence of vesicles, while aphthous stomatitis is characterised 
by the presence of inflammatory conditions of the mucous membrane, 
the soft, slimy condition of the deposits, and the occurrence of deeper 
erosions, generally in young animals only. 

Treatment. This is necessary only in severe forms, especially in 
those in which the feet are affected. The general treatment is similar — 
to that of simple buccal catarrh (q.v.). 


4. Thrush (Stomatitis Oidica) 
(Soorkrankheit, Schwdmmchen [German]; Muguet [French]) 


The term thrush is applied to a condition in which whitish or yellowish 
deposits and sometimes erosions are formed on the mucous membrane of 
the mouth and fauces; in birds in the crop only. 

Incidence. ‘Thrush is a rare disease in fowls, pigeons, turkeys, 
and geese. It has also been observed in sucking pigs, and according 
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to Ziirn and others in sucking calves and fowls. An epizootic of 
thrush affecting 20 per cent. of the birds was observed by Jungherr 
in a large poultry farm in North America. Under natural conditions 
the affection is almost confined to young birds, especially those in the 
first 2 months of life. 

AEtiology. The thrush fungus (Ozdium, s. Saccharomyces, s. Endo- 
myces albicans, Monilia candida) is found in the deposits and erosions in the 
form of threads of variable length and thickness with a double outline 
and enclosing droplets, granules and vacuoles. By the formation of 
transverse partitions the threads are divided into a series of elongated 
cells with rounded ends, but some threads are branched. In addition 
to the threads there are oval cells 
5 to 6 » long and 4. wide identical 
with yeast spores (Fig. 3). Ac- 
cording to Jungherr these cells 
predominate. ‘The fungus pro- 
duces an ecto- and endotoxin. 


Cultivation. The thrush fungus 
can be most readily cultivated on 
solid acid media. Jungherr found 
Sabouraud’s agar the most suitable. 
Plate cultures are round, wax-like, 
finely granular, and in their deeper 
parts have an irregular outline 
formed by radially arranged threads. 


: N Fic. 3. — Microscopic PREPARATION FROM A 
On gelatin and apr the cultures Bre THRUSH PsEUDO-MEMBRANE IN THE THROAT, 
white, on beet or beer-wort gelatin SHOWING Myce.Lium, OvAL SPORES, SQUAMOUS 
they are reddish. On carrots and EPITHELIAL CELLS, M1CcROCOCCI AND BACTERIA 


turnips and on saliva medium they (AFTER BIEDERT). 


form white growths with an uneven 

surface. ‘The cultures give off a pleasant odour of acid alcohol, due to the 
development of chlamidosporon and ascosporon among the reas and yeast 
cells. The fungus is very resistant. 


Natural infection takes place through the ingestion of living sapro- 
phytic fungi excreted by the intestines of affected fowls under favourable 
conditions, such as continued feeding with easily fermentable foodstuffs, 
insufficient nutrition, the presence of pathological conditions such as 
catarrh of the mucosa of the mouth and crop, and, according to 
Fischl, in conditions of anemia and alkalosis. Confinement in damp, 
ill-ventilated houses also favours infection. Jungherr observed several 
cases in newly hatched chickens infected through the medium of the 
ege. 

Artificial transmission is successful after slight scarification of the 
mucous membrane of the mouth, crop and vagina, and also of the cornea. 
It may also occur after forced feeding with the feces of diseased birds, 
or by the oral or intravenous administration of cultures. 
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Symptoms. After an incubation period of to to 15 days grey 
or yellowish punctiform macules develop, or sometimes larger slimy, 
adherent pseudo-membranes which later become brown coloured, 
fissured, and around which the mucous membrane remains unaltered or 
shows only slight inflammatory changes. In sucking pigs Poenaru observed 
difficulty in swallowing, gaping of the beak, and rapid emaciation; 
many cases terminated fatally. Similar changes sometimes occur in the 
mucous membrane of the pharynx, in birds usually in the crop only. 
In animals which show signs of debility notwithstanding generous feeding, 
changes are found in the muscular and glandular portions of the stomach 
(vide Catarrh of Crop). Microscopic examination shows the presence of 
oidium fungus, together with leucocytes, epithelial cells and bacteria, in 
the pseudo-membranous deposits. 


In observations made by Schlegel on affected fowls the neck was twisted, the birds refused 
food, the voice was hoarse and there was excess of mucus, together with brown or greyish-red 
coloration of the mucosa of the mouth and throat, while the characteristic oidium fungus 
was found only in the glandular part of the stomach, at the borders of the cuticula of the muscular 
portion, in the form of a greyish-brown, disintegrating or ulcerating focus without inflammatory 
reaction of the adjacent tissue. In geese also refusal of food and lassitude were observed and 
the birds died in 8 days. ‘The fungus was found in the glandular portion of the stomach at 
its junction with the muscular portion and also in the small intestine, forming greyish-white, 
reddish-brown, soft or crumbling deposits distributed over the whole of the mucous membrane, 
with ulceration under the necrotic masses. Similar lesions were found by Jungherr together 
with punctiform or larger papules, and also round greyish-white deposits 1 to 5 mm. in diameter 
accompanied with ulcers in the mucous membrane of the crop, and in some cases minute white 
papules in the liver. 

- The disease known as “ yellow crop,” an affection of poultry resembling thrush, is caused 
by the virus of fowl-pox. It is manifested by the formation of white, yellowish-grey or yellow 
stratified deposits, usually with a finely granular surface, which may fill up almost the whole 
crop. The appetite and general condition are but little affected, yet the disease is frequently 
fatal. 


‘ 


Diagnosis. Thrush is distinguished from aphthous and other forms 
or stomatitis by the absence of marked inflammatory symptoms. <A 
definite diagnosis can only be made by the determination of the presence 
of mycelia and spores. The changes in the buccal cavity found in 
A-avitaminosis of birds are differentiated by the intact condition of the 
epithelium under the pseudo-membranous deposit and by the develop- 
ment of small caseous pustular lesions. With the agglutination and com- 
plement fixation tests the results are positive, although similar positive 
results have been obtained when sporotrichum was used as an antigen. 

Treatment. Local treatment consists in repeated painting of the 
buccal cavity with 2°5 per cent. boric acid or mercuric chloride solution — 
(1 : 5,000). Ifthe crop is affected this should be irrigated with 2 per cent. 
boric solution. In sucking pigs treatment includes irrigation with 1 per 
cent. sodium bicarbonate solution, followed by painting with iodine- 
glycerin after the feeds, also the administration of fresh milk from the 
mother, which may be alternated with boiled milk diluted with lime- 
water and 1 to 2 per cent. sodium bicarbonate solution. 

The disease may be prevented from spreading by thorough disinfection 
of the poultry houses and by disinfecting the feeding utensils by scalding. 
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5. Phlegmonous Stomatitis (Stomatitis Phlegmonosa) 
(Stomatitis erysipelatosa ; Serosiva ; Stomatitis profunda acuta [Joest]) 


AEtiology. After the ingestion of a considerable quantity of rust 
fungi and other fungi contained in the fodder, severe inflammation of the 
mouth is sometimes seen in horses, and more rarely in sheep, complicated 
with suppuration and necrosis. De Hann and Hoogkammer observed 
a form of stomatitis with erysipelatous inflammation of the face in horses 
in India caused by fungi (/T/yphomycosis destruens equi) (see Vol. I.). In 
the same way fodder containing numerous caterpillars or their hairs 
(Porthesta chrysorrhea, Bombyx processtonalis) may produce similar conditions 
experimentally. 

Caustic substances (alkalis, acids, phenol, croton oil, etc.) may give 
rise to similar inflammatory conditions. Hofer observed stomatitis in a 
horse after treatment with sodium salicylate (80 grammes) for muscular 
rheumatism. Smythe reported the occurrence of severe stomatitis with 
involvement of the gums and tongue in cats. 

Phlegmonous stomatitis with suppuration or gangrene of the neigh- 
bouring organs occurs in the course of infective diseases (strangles, cattle 
plague, anthrax, swine plague, purpura hemorrhagica, malignant 
catarrhal fever, fowl and calf diphtheria, dog typhus) and in the “ blaw- 
tong” of sheep in South Africa (see Vol. I.). 

Symptoms. The disease commences with severe pain, intense redness 
and swelling of the mucous membrane, and usually fever. ‘These symptoms 
are soon followed by swelling of the lips and adjacent part of the cheeks, 
causing the lower lip to hang down and dribble saliva in long threads. 
The tongue is sometimes so swollen that its tip projects between the teeth; 
it may also show their indentations. In severe cases yellow, pulpy deposits 
or pustules (observed by Bertsche in sheep) develop in the swollen mucous 
membrane, and break down later to form irregular ulcers of a malig- 
nant type. Sometimes abscesses develop, with sero-sanious contents. 

Not infrequently pharyngitis supervenes, causing still further difficulty 
in the ingestion of food and water. The nasal mucosa may also become 
involved, resulting in a yellowish-brown mucoid discharge from the nostrils, 
In all cases there is acute swelling of the regional lymphatic glands. 

Course and Prognosis. The prognosis of primary phlegmonous 
stomatitis is almost always favourable and, even in severe cases charac- 
terised by tissue necrosis and abscess foro healing occurs in 2 or 
3 weeks. Exceptionally the process may extend to the posterior wall 
of the pharynx, the larynx, and even to the trachea, when the prognosis is 
usually grave. Phlegmonous stomatitis may also take an unfavourable 
course when it occurs as a secondary condition, especially when it 
complicates anthrax, hemorrhagic septicemia, malignant oedema, gas 


gangrene or black-leg. 
VOL. I. 2 
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Treatment. A change of fodder or of pasture is often ad- 
visable. Local treatment consists in frequent irrigation of the mouth 
with mild antiseptic solutions. Abscess formation requires surgical 
treatment. 


6. Diphtheroid Stomatitis (Stomatitis Diphtheroides) 


This term applies to sporadic or enzootic inflammations of the mouth 
characterised by a varying degree of tissue necrosis and the formation 
of adherent membranous deposits on the buccal mucosa. Removal of 
the pseudo-membranes exposes an ulcerated surface. 

‘Etiology. In its primary form diphtheroid stomatitis is caused by 
the necrosis bacillus alone or in association with pyogenic bacteria, also 
by infection with paratyphoid bacilli, or the Bacillus pyogenes ( Joest, in 
young lambs in cases of pyogenic mastitis in the ewes). As in human 
pathology, the Plaut-Vincent fuso-spirochetal symbiosis may give rise to 
the development of diphtheroid stomatitis (fuso-spirochetosis). Spirilla 
or spirochetes are found in the buccal cavity of nearly all domestic 
animals (Spzrillum sputigenum), and also fusiform bacilli (Fuso-bacterium 
Plaut-Vincent, F. nucleatum, F. polymorphum), even under normal con- 
ditions. ‘These micro-organisms exert a pathological action only under 
certain conditions which reduce the power of resistance of the tissues, 
and thus favour their development, in the same way as in other infec- 
tions of the mouth. These predisposing conditions include nutritional 
disorders, debilitated conditions of the body, local injuries to the 
tissues (bruises, wounds, the effect of corrosive chemical substances 
jin Frohner’s cases, concentrated chloral hydrate], feeding with damaged 
hay, bad hygienic conditions, prolonged railway transport, etc.). In 
sucking pigs 2 to 7 weeks or even only 1 to ro days old the disease has a 
special tendency to appear during the winter months in dark ill-ventilated 
houses, and also when the sows are fed on meal only. Under such con- 
ditions it may assume an epizootic form. 

As a secondary affection, diphtheroid stomatitis may appear in the course 
of swine plague, calf diphtheria, and diphtheria in adult cattle; also in 
malignant catarrhal fever, cattle plague, and in some severe cases of 
aphthous and pseudo-aphthous stomatitis. 

Symptoms. In some cases yellow, dry adherent deposits of varying 
thickness, in other cases yellow or white, caseous necrotic sloughs, develop 
on the mucous membrane and are only slowly exfoliated. In either case 
ulcers of varying depth are found after separation of the deposits. -General 
symptoms include fever, loss of appetite, and general disturbance of 
health. In enzootic outbreaks the younger animals affected frequently 
die as the result of the extensive destruction of tissue, or from complications 
such as diphtheroid pharyngitis, severe rhinitis or gastro-enteritis. 
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In cases of infectious diphtheroid stomatitis in young cattle Draegert observed continued 
recumbency, grinding of the teeth, lachrymation, nasal discharge, macular reddening of the 
mucous membrane and the conical papilla, yellowish-grey deposits up to 4 mm. in depth, 
red coloured ulcerations, and occasionally hemorrhagic diarrhoea. In Casper and Schumann’s 
observations the clinical picture resembled that of calf diarrhoea, while in adult animals in asso- 
ciation with a high temperature there were symptoms of bronchial catarrh or broncho-pneumonia; 
on the other hand, yellowish-green or brown erosions, with later scab formation, were only occa- 
sionally seen; in some cases there was parenchymatous inflammation of the udder. 

In goats Stallmann observed salivation, dysphagia, loss of appetite, fever and diphtheroid 
deposits. In Giovanoli’s cases there were yellowish vesicles the size of a pea on a slightly raised 
base which developed into flat ulcers with a red base and yellow borders, followed by scab 
formation and pronounced tissue proliferation. Similar lesions were found in lambs and in 
year-old sheep by Goddard after pasturing in stubble fields, sometimes also in adult animals 
in association with so-called lip scab. In sucking-pigs diphtheroid deposits on the inner 
surface of the lips, hard palate or gums, sometimes also on other parts of the mucous 
membrane, associated with painful swelling of the skin of adjacent parts of the. head, 
emaciation, sometimes severe pharyngitis and diphtheroid affection of the nose, which gives 
wise to more or less pronounced nasal stenosis, while fever may be absent. After the usual 
cutting of the canine teeth there often appear on the upper or lower jaw, or both, circum- 
scribed, greyish, rather dry and deep foci of necrosis caused by the penetration of the 
necrosis bacillus into the dental alveoli. ‘These sometimes break through into the maxillary 
sinuses or through the skin. Necrotic foci also develop simultaneously on the snout. During 
an epizootic among rabbits, in which the points of entry of the necrosis bacilli were found between 
the gums and the teeth, Raebiger observed salivation, loss of appetite, swelling of the cheeks, 
nasal discharge, lassitude, emaciation, a yellowish coloration of the gums, involvement of the 
maxillary muscles and the region of the neck, necrosis of the maxillary bones and even of the 
tongue, and in some cases necrotic pleuro-pneumonia and pericarditis. The mortality was 
100 per cent. 


Treatment. Local treatment consists in curetting the necrotic 
tissue, followed by irrigation with antiseptic solutions and painting with 
dilute tincture of iodine or iodo-glycerin (1:3), or a solution of copper 
sulphate (which has been found useful in Human Medicine when fusiform 
bacteria preponderate), freshly prepared neosalvarsan. Cauterisation 
with the silver nitrate pencil may also be employed. 

Fiichs observed an epizootic of a paratyphoid form of diphtheroid 
stomatitis in calves in which the spread of infection was prevented by 
inoculation with paratyphoid serum. According to Schmiedhoffer, 
however, a heterogeneous normal serum has a curative effect. In all cases 
improvement in the hygienic conditions is of great importance. 


Stomatitis Gangrenosa (Noma). This is the most severe form of 
inflammatory, necrotic and ulcerative process affecting the buccal mucosa. 
It is characterised by rapidly extending necrosis and putrescent destruction 
of the mucous membrane of the cheeks, and more rarely of the gums, lips and 
tongue, leading to extensive destruction of the neighbouring parts, and even of 
the bones. 

Atiology. ‘This somewhat rare disease occurs as a distinct entity following 
upon deficient or improper feeding and consequent liability to infection. 
It was observed by Carpano, and by Phillips and Berry in dogs, by Marek in 
a Cat, In association with exhausting diseases, such as piroplasmosis, persistent 
gastro-enteritis, distemper of dogs, chronic nephritis and chronic bronchial 
catarrh. Rivolta observed the disease in lambs, in association with the presence 
of the Bacterium subtile agnorum, and Foster in dogs, in which protozoa, with 
secondary streptococcal infection, were found. 

The causal micro-organisms appear to be fusiform bacilli and buccal 
spirochetes, which usually occur as a symbiosis, as in human pathology, 
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but occasionally develop independently, so that their symbiosis does not 
appear to be absolutely necessary for their necrobiotic action (Beitze), 
although the presence of spirochetes tends to give a malignant character to 
the process. | 

Gangrenous stomatitis may complicate ulcerous, aphthous, pseudo-aphthous 
and diphtheroid stomatitis, probably as the result of a symbiosis of fusiform 
bacilli and spirochetes in a mucous membrane already affected from other 
causes. 

Symptoms. These differ from those of diphtheroid stomatitis in the 
formation of gangrenous ulcers on the mucous membrane of the cheeks, gums 
and lips, either directly or indirectly after the breaking down of large bulle. 
These ulcers, which are covered with a slimy greyish-yellow deposit, extend 
rapidly in all directions—to the external skin, which may be perforated, and 
to the tongue and maxillary bones, leading to necrosis. At the same time there 
are severe general symptoms and a very offensive odour from the mouth. A 
fatal issue is the rule unless prompt treatment is administered. 

In gangrene of the tongue in dogs the process begins suddenly with 
purple coloration of a pyramidal shaped part at the tip of the tongue, upon 
which develop vesicles of varying size. In about 4 days the affected part 
of the tongue becomes gangrenous and produces an offensive odour. At the 
same time general symptoms appear, with fever, rigors, trismus of the Jaws 
and cardiac failure, which may be fatal within 48 hours. 

Treatment. As the predominating causal factor appears to be a symbiosis 
of fusiform bacilli with spirochetes, after previous irrigation of the buccal cavity, 
it may be swabbed with a freshly prepared solution of neosalvarsan or one 
of its substitutes (novarsenobillon, novasurol, etc.), 1 : 100 in water or I : 50 
in glycerin, or preferably in 33 parts of water and 13 parts of glycerin. 
The subcutaneous injection of arsphenamine is also recommended, or in severe 
cases intravenous administration (0:0005 gramme per kilo of body weight 
injected by saphena vein in dogs). By this method Michel and Drevet 
obtained rapid improvement and early recovery in eight dogs affected with 
gangrene of the tongue. Cauterisation of the gangrenous tissue may be 
tried in cases in which the locus of the lesions permits of this procedure. 


7. Ulcerative Stomatitis (Stomatitis Ulcerosa) 


Ulcerative stomatitis is an affection of carnivora, and is characterised 
by a rapidly extending ulceration and necrosis, without the formation 
of pseudo-membranous deposits, affecting the gums, and often also the 
mucous membrane of the cheeks. 

Aitiology. The affection may arise as the result of the action of infec- 
tive agents under conditions which favour their development. The con- 
dition is usually due to buccal bacteria, especially the Bacillus salivarius 
septicus, found by Fiocca in dogs, and the Staphylococcus pyogenes aureus. 
The necrosis bacillus and other organisms may also take part in the in- 
fection. In the ulcerative stomatitis of man, fusiform bacilli and spiro- 
chetes occur regularly, as in Plaut-Vincent’s angina. This symbiosis 
of micro-organisms probably occurs in some of the cases seen in domestic 
animals, and in these the ulcerative character of the process is evidently 
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more pronounced the less the spirochetes predominate. Aitiologically, 
similar cases have been observed as an enzootic in sheep, and also in young 
goats by Hirsch, and in fowls by Smythe. 

Among the predisposing causes of ulcerative stomatitis may be men- 
tioned the presence of odontoliths, especially in dogs, which, by causing 
pressure and irritation (especially when caries is present), render the gums 
vulnerable to microbic invasion. In highly bred dogs and cats the 
affection is predisposed to by debilitating conditions, anemia, unsuitable 
feeding and unhygienic conditions; also by distemper, severe rickets and 
intestinal catarrh. Chronic erysipelas of swine, subacute and acute 
mercurial poisoning (stomatitis mercurialis), sometimes also chronic 
lead or copper poisoning, and especially scorbutus (a comparatively 
rare affection in animals), are also predisposing causes for infection. 
Cadéac found the necrosis bacillus in stomatitis mercurialis. 

Symptoms. The inflammation begins as a rule on the borders of 
the gums around the necks of the incisor and canine teeth, especially 
in the interdental spaces; the gums around the molar teeth may later 
be affected, but are more rarely the site of lesions. The gums appear dark 
bluish-red, swollen and painful, and bleed easily. In a day or two the 
free border of the gum tissue is transformed into a yellow or greenish- 
yellow, pulpy mass which 1s easily removed, revealing the still living tissue 
purple and swollen. Around the necks of the teeth occur ulcerations 
covered with discoloured necrotic masses. These ulcers coalesce to 
form a discoloured surface and at the same time the necks of the teeth 
become exposed. Later the teeth become loose. Similar ulcers develop 
also in the adjacent parts of the mucous membrane of the lips and cheeks, 
and the process may even lead to necrosis of parts of the maxillary bones. 
Occasionally, these changes begin in the region of the lips and commissures 
of the mouth. , 

There is always a mawkish, sweetish or foetid odour from the mouth 
(foetor exore), also salivation with a discharge of foul-smelling fragments 
of tissue and blood-stained saliva. The regional lymphatic glands are 
acutely inflamed and swollen, and sometimes the salivary glands are 
affected. Because of the ‘difficulty of mastication the animals can only 
take food in a liquid form, or, if in the solid state, in a form in which it can 
readily be swallowed. Sometimes sepsis, with a rise of temperature and 
febrile symptoms, supervenes. 

In mercurial stomatitis, besides other signs of mercurial poisoning (eczema of the thinner parts 
of the skin, bronchial catarrh, broncho-pneumonia, intestinal catarrh with offensive diarrhea, 
nervous irritability, nephritis, and sometimes punctiform hemorrhages in the mucous membranes), 
there is salivation, loosening of the teeth, redness, swelling of the gums (these are dark in colour, 
due, according to Joest, to a deposit of sulphide of mercury), which bleed on the slightest injury, 
and in severe cases become grey coloured and ulcerated. Later the neighbouring mucous 
membrane of the lips, cheeks and tongue may be affected. In saturnine stomatitis the free border 
of the gums becomes greyish-black, owing to the deposit of sulphide of lead, and sometimes 
necrotic and ulcerated; also, there are other symptoms of chronic lead poisoning (emaciation, 


tremor, nervous irritability, laryngeal paralysis, colic, constipation and high-tension pulse). 
{Chronic lead poisoning is a very rare condition in herbivorous animals,—ED, | 
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In the ulcerative stomatitis complicating chronic erysipelas of swine there are hemorrhages 
and ulceration in the buccal cavity, also cutaneous hemorrhages and sometimes gangrene, 
chronic arthritis and emaciation, developing a few weeks after the onset of acute erysipelas. 
For the symptoms of ulcerative stomatitis in scorbutus see Vol. III. 


Course. In robust animals, under favourable conditions and proper 
treatment, the disease takes a favourable course, terminating in recovery 
within 1 or 2 weeks after the inflammatory and necrotic processes have 
subsided. ‘The necrotic masses of tissue are cast off and the lesions heal 
by granulation. In neglected cases a condition of progressive debility 
develops and a general infection associated with inhalation pneumonia 
may ensue. 

Treatment. After cleansing and frequent irrigation of the buccal 
cavity, occasional cauterisations of the ulcers (if necessary after 1 or 2 days) 
with the nitrate of silver pencil is indicated, followed by buccal irrigation — 
with 1 per cent. solution of common salt, which leads to the formation 
of scabs which leave a clean surface after they have become detached. 
Other local applications which have a beneficial effect include painting 
once or twice daily with 1 to 2 per cent. silver nitrate (followed by irrigation 
with salt solution); 2 to 3 per cent. zinc chloride solution, pure oil of tur- 
pentine, 5 to 10 per cent. tannin-glycerin, 1 to 3 per cent. creolin (followed 
by irrigation with plain water). The formation of granulation tissue is 
promoted by applications of the weak tincture of iodine, myrrh, or aloes. 
Deodorants such as permanganate of potassium (several times daily in 
a orl to 0°3 per cent. solution) should always be used in addition. After 
cleansing the ulcers, irrigations with weak antiseptics or astringents 
should be employed. 

- The animals should receive liquid or soft foods (milk, minced meat, etc.) 
The removal of odontoliths and loose teeth may lead to arrest of the process 
in its early stages. In stomatitis due to poisons it is of first importance 
to prevent further access to the noxious substance. 


SECTION II 
DISEASES OF THE SALIVARY GLANDS 


1. Salivation (Ptyalism) 


‘Etiology. Salivation is almost invariably a secondary symptom, 
occurring most frequently in inflammation of the mouth and throat. 
It does not always occur in the course of parenchymatous inflammation 
of the salivary glands. Certain chemical substances (mercury, pilocarpine, 
arecoline, nux vomica, iodine, lead, copper, and more rarely arsenic) 
may also cause salivation; also acrid substances and food contaminated 
with rust and other fungi. Disturbances of deglutition also are accompanied 
by salivation, and it may occur by reflex irritation in diseases of the gastric 
mucous membrane (ulceration, catarrh, inflammation); also, but excep- 
tionally, in certain diseases of the sexual organs. Annacker reported 
the case of a horse which always showed salivation when driven to a 
knacker’s yard. According to Doeve, salivation and masticatory move- 
ments occur regularly in dogs and cats after the instillation of atropine 
into the conjunctival sac, resulting from local irritation of the pharyngeal 
mucous membrane by the atropine after its passage down the lachrymal 
duct and nasal cavity. Veenendaal reported the case of a cat in which 
temporary arrest of the flow of saliva, especially during the night, was 
associated with an affection of the ear. 

Symptoms. ‘The saliva flows from the mouth either in the form of 
foam or hangs as long strings, chiefly from the buccal commissures. 
Severe and long-continued salivation leads eventually to emaciation. 
The primary cause can usually be ascertained. 

Treatment. In apparently primary salivation temporary improve- 
ment may follow the subcutaneous injection of atropine (for large animals 
0°03 to 0-5 gramme, for small animals 0-00025 gramme, or scopolamine 
(0-0003 gramme). 

In a case of Dieckerhoff’s permanent improvement was obtained 
by the administration of arsenic (0-5 gramme in a horse), while Zundel 
obtained good results in a cow with iodide of potassium. In most cases 
treatment should be directed to the primary cause. In a case of Diem’s, 
with swelling of the parotid gland, recovery took place after repeated 
injections of pilocarpine and inunctions of iodine-iodide of potassium 
ointment. 
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2. Inflammation of the Parotid Gland (Parotitis) 


AEtiology. Parotitis may occur as a primary affection after injury 
to the parotid region. Aruch observed parotitis in horses after the pene- 
tration of the awns of oats or barley into the parotid duct (in one case 
there were about 100 awns); sometimes parts of Bromus maximus or Vicia 
tenuifolia have been found in the duct. ‘These and parts of other plants act 
principally as the carriers of micro-organisms. Parotitis occasionally occurs 
as a specific infective disease in cats, goats, cattle, horses and dogs, and 
is probably caused by a specific infective agent; the similar disease in 
man known as ‘mumps, which is contagious, is probably caused by a 
filterable virus. 7 


Bissauge has frequently observed parotitis in epizootic form among cattle in the region. of 
Orléans, where it was always associated with the simultaneous appearance of mumps in children. 
It is also recorded that during an epidemic of mumps a case occurred in a dog from which 
infection was conveyed to another dog, from the parotid duct of which a diplostreptococcus 
was cultivated. The infection of a dog from children affected with mumps was definitely 
established by Prietsch. 


Parotitis frequently develops as a secondary affection to pharyngitis, 
as the result of the presence of salivary calculi in Stensen’s duct. Some- 
times it occurs in the course of “‘ staggers,’? or metastatically in dog dis- 
temper and infectious pleuro-pneumonia of horses. Chronic parotitis 
develops after repeated acute inflammations and contusions (as in injury 
to the lower jaw in race-horses), in the presence of salivary calculi, and in 
cattle in association with actinomycosis. 

Anatomical Changes. In acute parotitis there is swelling and redness 
of the glandular lobules, with serous infiltration of the interlobular con- 
nective tissue. In some cases there are small purulent foci between the 
lobules which may coalesce to form abscesses. Chronic parotitis leads 
to proliferation of the interlobular connective tissue, partial atrophy of 
the lobules, and induration of the whole gland. 

Symptoms. In acute inflammation there is diffuse or more circum- 
scribed swelling in the region of the parotid gland at the posterior border 
of the lower jaw, which may spread as a collateral oedema and give rise 
to laryngeal stenosis and dysphagia, especially in cattle. The gland 
is painful, causing the head to be held sideways in unilateral affection, 
or stretched, as in pharyngitis, in bilateral affection of the glands. Chewing 
is performed with care. The secretion of saliva is usually increased, but 
may sometimes remain normal. Sometimes the disease is preceded by 
symptoms of stomatitis and pharyngitis, with immobility of the swollen 
tongue and pronounced swelling of the gums. : 

Purulent inflammation often leads to inflammatory oedema extending 
to the region of the neck and larynx. After the appearance of fluctuation, 
pus is discharged in one or more places. 
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The course of parotitis is usually favourable. In parenchymatous 
inflammation the swelling gradually diminishes. In suppurative parotitis 
it diminishes rapidly after discharge of the pus or opening of the abscess, 
but sometimes leaves a salivary fistula, which usually soon heals under 
proper treatment. Occasionally facial paralysis ensues from compression 
or inflammatory implication of the nerve trunk. — 

Epizootic parotitis is accompanied by high fever. It may be uni- 
lateral or bilateral and never leads to suppuration. In cows it is sometimes 
associated with slight catarrhal mastitis. 

Chronic parotitis is manifested by a hard, tense painless swelling of 
the gland. This swelling must be distinguished from tumours of other 
origin. 

Diagnosis. Acute cases may be confounded with inflammation of 
the neighbouring connective tissue or with lymphadenitis of the regional 
glands. In such cases the swelling is more diffuse and does not reach the 
ear. Sometimes, however, the diagnosis is difficult, as parotitis in some 
cases extends to surrounding connective tissue, and also it sometimes 
follows affections of the lymphatic glands. Acute tuberculous lymph- 
adenitis of the glands of the parotid region occurring in cattle and swine 
must be differentially diagnosed from parotitis. Simple cases of parotitis 
are distinguished from pharyngitis by the absence of cough and nasal 
discharge, and usually also of dysphagia, and also by the superficial nature 
of the swelling. In catarrh of the air sac there is nasal discharge, while 
the size and consistency of the parotid gland remain normal. 

Treatment. Local treatment consists in the application of cold 
compresses, preferably soaked in a weak antiseptic solution. Resorbent 
- ointments (1odoform, iodine, camphor, mercury) are also useful. Abscesses 
require surgical] treatment, after hastening their maturation if necessary by 
hot fomentations. In chronic parotitis, inunctions of iodine are beneficial. 
Internally, iodide of potassium should be administered, especially in cases 
complicating actinomycosis. 

Inflammation of the Submaxillary Gland (Sialoadenitis Sub- 
maxillaris). This is almost invariably due to the penetration of food particles 
into Wharton’s duct, especially when straw is fed, more rarely as a complica- 
tion of parotitis or stomatitis. It occurs most frequently in cattle, more rarely 
in horses, and exceptionally in dogs. 

The swollen and painful gland can be felt on the inner side of the angle of 
the jaw, or in cattle frequently behind this point. The head is stretched and 
often held towards the unaffected side when the disease is unilateral. Pus can 
often be expressed by pressure on Wharton’s duct. On the side and under the 
tongue can be seen an oval, fluctuating or oedematous and painful swelling, the 
size of a goose’s egg (ranula inflammatoria) in distinction to true ranula, which 
is a retention cyst on the floor of the mouth or on the under surface of the tongue. 
Salivation and difficulty in feeding also occur. ‘The inflammation often leads to 
suppuration or sometimes necrosis of the glandular tissue. ‘The pus, which 


is generally foul smelling, usually discharges into the mouth, rarely through 
the skin, after which recovery takes place in one or two weeks. 


26 DISEASES OF DOMESTIC ANIMALS 


The treatment is the same as for parotitis, except that abscesses should be 
opened as soon as possible and the necrotic tissue removed from them. 


Angina ludovici. This term is used in Human Pathology to designate an acute phlegmonous 
inflammation of the floor of the mouth, generally resulting from suppuration of the submaxillary 
salivary glands or of the corresponding lymphatic glands. Similar cases have been observed 
in dogs. In addition to general symptoms and fever, there occurs a painful swelling in the 
submaxillary space, accompanied by salivation, loss of appetite, dysphagia and pain on opening 
the mouth. Under the tongue, when raised upwards, there is found in the middle line or 
laterally a hard swelling sensitive to pressure. ‘This disappears in a few days by resorption or 
spontaneous discharge, unless rapid resorption of the exudation after an early deep incision has 


taken place. 


SECTION III 
DISEASES OF THE PHARYNX 


1. Pharyngitis (Angina) 


PHARYNGITIS in Veterinary Science includes both superficial and sub- 
mucous inflammatory processes in the mucous membrane of the pharynx, 
including the soft palate and tonsils, which, with coincident affection 
of the pharyngeal tonsil, give rise to a sensation of constriction in the 
pharynx, and are therefore usually known also by the name of angina or 
cynanche. 

‘Etiology. Pharyngitis occurs most frequently in horses and swine 
(sometimes enzootically). It is also seen in carnivora, but rarely in 
cattle, sheep and fowls. 

In its primary acute form it results from injuries to the mucous 
membrane caused by swallowing sharp, rough particles of food and 
foreign bodies, by the unskilful introduction of drugs, and occasionally 
in horses through the attachment of Gastrophilus larve to the soft 
palate or the dorsal and lateral walls of the pharynx. According 
to Lichtmann and Buffington Gastrophilus larve may be present only 
incidentally. Other exciting causes of pharyngitis are hot foods and 
drinks, acid and caustic substances, and irritating gases (in outbreaks of 
fire). 

A more frequent cause is exposure to cold, especially in the cold 
season of the year, particularly in horses, in which acute pharyngitis may 
develop overnight after exposure to cold rain and wind, after long railway 
transportation in cold weather, more rarely after the ingestion of very 
cold or frozen fodder and drinking water. All these influences are 
usually only of importance as predisposing causes for the proliferation 
on the pharyngeal mucous membrane of saprophytic micro-organisms, 
which then give rise to inflammation. 

Primary pharyngitis is often caused by direct infection with pathogenic 
micro-organisms (in horses, usually the streptococcus of strangles), in 
which case the disease may assume an epizootic character. In addition 
to specific bacteria the saprophytic micro-organisms of the mouth and 
pharynx (strepto-, staphylo- and micrococci, necrosis bacillus, paratyphoid 
bacilli, etc.) may become pathogenic and exert their action when the 
power of resistance of the mucous membrane is diminished by the predis- 
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posing causes mentioned above. The necrosis bacillus in swine, especially 
in yearlings and 2 to 4 weeks old sucklings, often gives rise to enzootics of 
a membranous angina (sometimes associated with diphtheroid stomatitis), 
especially under bad hygienic conditions, including cold, dark, ill- 
ventilated pens, and malnutrition of the dam. Schmiedhoffer, in such 
enzootics, obtained a pure culture of the paratyphoid B_ bacillus, 
with which he produced a diphtheroid inflammation of the buccal and 
pharyngeal mucous membrane in guinea-pigs and pigeons, and also in 
the mucous membrane of the colon in rabbits. Similar cases of croupous 
diphtheroid pharyngitis have been observed in cattle, sheep, dogs and 
cats. According to Fréhner and Zwick, a contagious form of pharyngitis 
occurs in dogs in the first month of life ; according to Carlin, in those 5 to 8 
months old ; and according to Horning and McKee, without any age dis- 
tinction. This affection, which may lead to pyemia, developed in Carlin’s 
and in Horning and McKee’s cases as a tonsillitis without angina. Cadéac 
observed enzootic pharyngeal catarrh of unknown origin in cats, while 
Horning and McKee found simple tonsillitis in cats of all ages. Whether 
a true Plaut-Vincent’s angina, caused by a symbiosis of fusiform bacilli 
and spirochetes, occurs in animals 1s uncertain. 

Pharyngitis often occurs as a secondary symptom in specific infective 
diseases, both sporadically and enzootically, especially in strangles, 
influenza of horses, buffalo plague, hemorrhagic septicemia, swine plague, 
anthrax, diphtheria, purpura hemorrhagica, variola, fowl-pox, etc.; 
also in the septiceemic angina of swine due to the Pasteurella suiseptica. 

Inflammatory processes in the neighbouring organs (nasal and buccal 
cavities, larynx, guttural pouches and cesophagus) not infrequently extend 
to the mucous membrane of the pharynx. 

Chronic pharyngitis occurs quite frequently, but seldom gives rise to 
pathological conditions. It may develop after acute pharyngitis or after 
repeated slight injuries to or irritation of the pharyngeal mucous membrane. 
This may lead to connective tissue proliferation in the tonsils, especially in 
dogs, more rarely in horses. 

Susceptibility to pharyngitis is greatest in horses and swine. The 
greater susceptibility of these animals compared with other species may be 
due to the presence of several foramina ceca in the tonsils, which offer 
ports of entry for the exciting causes of inflammation. Also the presence 
in individual animals of a broad ring of lymphatic glands and tonsils 
and associated cytoblastic tissue renders the pharyngeal mucous membrane 
particularly liable to infection. In this tissue micro-organisms become 
imbedded and subsequently proliferate. 

Pathogenesis. The inflammatory process commences with hyper- 
emia and is often limited to the most superficial layers of the mucous 
membrane ; it is manifested by excessive formation of mucus, epithelial 
desquamation and sero-cellular exudation on the surface (catarrh). In 
more severe cases a highly albuminous exudate, enclosing migrating 
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leucocytes and dead epithelial cells, forms a deposit (croup), or the tissue 
of the mucous membrane becomes necrotic to a varying depth (diph- 
theroid), and after separation of the necrotic tissue loss of substance 
remains (ulceration). Sometimes the bacteria and their toxins are carried 
by the lymph stream to the deeper parts of the tissues, and may give rise 
to sero-cellular or purulent infiltration (phlegmonous inflammation) which 
may lead to abscess formation. In horses abscess formation often develops 
from suppuration in the lymphatic glands of the guttural pouch between 
the vertebral wall of the pharynx and the ventral niche of the median part 
of the pouch. According to the observations of Gratzl, this occurs in 
go per cent. of all cases of clinical angina. Streptococcal infection of this 
gland appears to be secondary to affection of the pharyngeal mucous 
membrane, as may also be streptococcal infection of the submaxillary 
lymphatic gland under the same conditions, although this is more usually 
affected through the entrance to the guttural pouch after aspiration of 
pharyngeal mucus containing streptococci during the act of swallowing. 
Owing to collateral] inflammation and the subsequent rupture of the 
abscess in the guttural pouch the primary pharyngitis and inflammation 
of the pouch become exacerbated. 

In deeply extending inflammation micro-organisms and their endo- 
toxins reach the general lymph stream and give rise to fever. On the other 
hand, the micro-organisms with their products of disintegration may 
be carried to the regional lymphatic glands and arrested there, and in this 
way general inflammatory affection of those glands in certain groups of 
animals is prevented. 

Functional disturbances in the pharynx occur in all cases. In simple 
catarrh there is pain on swallowing, and in more deeply extending inflam- 
mation mechanical obstruction due to swelling of the mucous membrane 
(especially in dogs); in horses there is also obstruction from thickening 
of the vertebral wall of the pharynx and the frequent presence of abscess 
formation in the lymphatic gland of the guttural pouch, under which 
conditions the velum palatinum becomes closely approximated to the 
dorsal wall of the pharynx, causing occlusion of naso-pharynx and conse- 
quent difficulty in swallowing. Again, infiltration of the inter- and intra- 
muscular tissue causes contraction of the muscles of deglutition and 
also interferes with the upward movement of the larynx during deglutition. 
In horses, pressure on the first part of the cesophagus and on the larynx, 
or displacement of the latter, may be caused by suppuration in the 
lymphatic glands and associated cedema. Because of the oedema and 
the possible displacement of the larynx there is greater or less inter- 
ference with respiration. The different effects observed in different 
groups of animals are explained by the anatomical conditions and by 
differences in the structure of the pharynx. In carnivora the pharyngeal 
tonsil is chiefly affected, in horses the lymphatic gland of the guttural 


pouch. 
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Anatomical Changes. In catarrhal pharyngitis the mucous 
membrane is reddened uniformly or in spots, swollen and covered with 
tenacious mucus; the lymphatic follicles and mucous glands are also 
swollen. In more deeply extending inflammation pseudo-membranous 
deposits are formed (pseudo-membranous or croupous pharyngitis) or 
the mucous membrane may become partially necrotic (diphtheroid 
pharyngitis). After shedding of the necrotic tissue ulcers remain (ulcerative 
pharyngitis) and the submucous tissue appears as a thickened gelatinous 
layer sometimes infiltrated with pus streaked with blood (purulent or 
phlegmonous pharyngitis). Sometimes retro- and peri-pharyngeal ab- 
scesses develop, which protrude into the pharyngeal cavity and may com- 
pletely occlude it. After their rupture these may sometimes leave a 
pharyngeal fistula. ‘There may be suppuration in the regional lymphatic 
glands, and in horses of the lymphatic gland of the guttural pouch. The 
tonsils are always more or less enlarged, and their follicles are filled with 
tenacious purulent or caseous masses with an offensive smell. The 
pharyngeal tonsil is also enlarged and there is cedematous infiltration of 
the intermuscular connective tissue. 


In the necrobacillary pharyngitis of swine the tonsils are much enlarged and greyish-yellow, 
their follicles are filled with dry caseous masses, the neighbouring lymph follicles of the mucous 
membrane become necrotic, and the surface of the mucous membrane is covered with a fibrinous 
deposit. The necrosis sometimes extends to the surface of the tongue, while the submucosa of 
the tongue and pharynx, and also the muscles, are infiltrated with gelatinous masses and the 
regional lymphatic glands are enlarged. Paratyphoid pharyngitis leads to the formation of 
firmly adherent lemon-yellow deposits at the root of the tongue, on the tonsils, on the lateral 
walls of the pharynx, on the epiglottis, and even on the vocal cords and the lateral walls of the 
larynx. Other changes are similar to those in necrobacillosis of the pharynx. 


In chronic pharyngitis the pharyngeal mucous membrane (especially 
its posterior wall) is thickened and bluish-red, and its lymph follicles and 
mucous glands are enlarged to the size of lenticular nodules (granular 
pharyngitis). Sometimes the mucous membrane is studded with papil- 
lary granulations, or the pharyngeal muscles may show connective 
tissue proliferation. In horses and dogs the tonsils may be enlarged, 
forming bluish-red swellings as thick as a finger. Liénaux and Liégeois 
observed in young horses an adenoid form of pharyngitis in which 
the anterior part of the pharyngeal mucous membrane was thickened 
to 6 to 10 mm. and presented fungoid vegetations similar to those seen 
in man. 3 

Symptoms. Acute’ pharyngitis in horses and ruminants is manifested 
by slow ingestion of food, pain and difficulty in deglutition, with stretching 
of the neck, noises in swallowing and increased movements of the larynx, 
nodding and lateral movements of the head, together with a distressed 
facial expression and with stamping of the forefeet. In severe cases food 
is rejected from the mouth, or half-chewed food expelled by coughing. 
Severely affected animals abstain from feeding for long periods and 
eventually cease to take food altogether on account of the pain in swallow- 
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ing, although the movements of mastication and deglutition occur from 
time totime. There is also difficulty in drinking water. 

In horses especially there is often regurgitation through the mouth or 
nasal passages of water or of masticated food mixed with nasal mucus and 
saliva. 

In still more severe cases the head is held stiffly and stretched out. 
and the region of the pharynx and larynx is tender to pressure and feels 
hot and swollen. ‘The submaxillary lymphatic glands are more or less 
enlarged and painful. 

Examination of the pharyngeal cavity often shows increased redness 
of the ventral surface of the soft palate and palatine arch; in small ruminants 
also of the pharyngeal tonsil and root of the tongue. Internal palpation 
reveals swelling of the palatine arch and tonsils, and gelatinous infiltration 
of the epiglottic region at the base of the tongue, also food remnants 
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Fic. 4.—FEVER CuRVE IN A CASE OF PHARYNGITIS IN A Horse. 


adhering to the mucous membrane. Endoscopic examination shows 
increased redness of the dorsal surface of the epiglottis and lateral walls 
of the naso-pharynx, which bleed easily and are covered with muco- 
purulent deposits. If the root of the tongue is much swollen, the upright 
epiglottis and the raised velum palatinum obscure the entrance to the 
larynx. | 

The ingestion of both food and water is accompanied by painful attacks 
of loud coughing, but respiratory obstruction, with stertorous breathing, 
only occurs in severe cases. 

In the majority of cases there is only a moderate degree of fever (Fig. 4). 
- Later rises of temperature occur when the inflammatory process extends 
more deeply, and in such cases the fever remains till the necrotic portions 
of tissue or the contents of abscesses are discharged. ‘Ihe urine is generally 
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acid and may remain thin for several days. In sero-sanious necrosis of 
tissue it contains excess of indican. 

In sezzne the disease commences with reduced vivacity, stiffness of the 
neck, slowness in feeding, and not infrequently with vomiting, which may 
be repeated several times later. At the same time or soon afterwards 
there is difficulty in swallowing, especially of solid food. In nearly 
all cases there is painful cough, sometimes followed by - vomiting. 
In phlegmonous, croupous or diphtheroid pharyngitis the appetite 
is suppressed and swallowing becomes impossible, and consequently 
regurgitation is usually absent and the severe dysphagia may be recog- 
nised only by the fact that the quantity of water in the drinking 
vessel does not diminish when the animals attempt to drink. In 
these cases there is a rapidly developing swelling of the laryngeal region, 
bluish-red in colour in the case of animals with unpigmented skin; the 
swelling may extend to the neck and chest. The respiration becomes 
laboured, rattling or whistling, the mouth gapes, and the animals may 
squat in a manner similar to that of the dog. 

Examination of the pharynx shows the presence of redness of the soft 
palate, root of the tongue, and especially of the palatine tonsil. In deeply 
extending pharyngitis, when examination can be made without the danger 
of suffocation, pronounced swelling of the mucous membrane, often covered 
with a sialon or membranous deposit, can be seen on the palatine 
tonsil or other parts of the pharynx, and occasionally of the buccal mucous 
membrane. Severe cases of pharyngitis are always accompanied by 
fever 

In carnivora the symptoms also commence with ‘general disturbance, 
such as malaise, discomfort, and a rise of temperature. Owing to the 
difficulty and pain in deglutition, both solid and liquid food are swallowed 
with evident efforts, during which there is repeated bending and lowering 
of the head; the animals paw their heads with the forefeet; dogs may how] 
and let their food drop from the mouth. When swallowing becomes 
difficult or impossible the animal takes liquid food or water into the mouth 
by licking movements, but the quantity before it does not diminish and 
may be increased, owing to admixture with mucus and saliva. ‘* Empty 
swallowing”’ and salivation are trequent, and also vomiting. Visible 
swelling of the pharynx is not often seen, but may occur after impac- 
tion of foreign bodies or in phlegmonous and diphtheroid pharyngitis. 
Tenderness to pressure in the region of the pharynx, with choking or 
vomiting, 1s common. Cough is a common symptom, but dyspnoea is 
rare. In cats, particularly, acute nasal catarrh and conjunctivitis are 
frequently seen. 

The affected animals strongly resist internal examination and show 
pain when the mouth is opened. ‘The tonsils are then seen to be brownish- 
red or sometimes hemorrhagic and so much swollen that only a narrow 
slit remains between them. ‘The pharyngeal mucosa is coated with 
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mucoid or muco-purulent masses, and the velum palatinum and palatine 
arch are bright red, unevenly granular, and sometimes covered with 
pseudo-membranes. In traumatic pharyngitis, red, streaky excoriations 
can be seen on the soft palate and dorsal wall of the pharynx. 


Tonsillitis (Angina) in dogs and cats commences with severe general symptoms: lassitude, 
refusal of food and high fever (40° C. or over). Attempts at feeding alternate with ‘‘ empty swal- 
lowing,” but vomiting is only seen occasionally. Conjunctivitis is usually present, with serous 
or sero-mucous discharge. On examination of the buccal cavity in mild cases the palatine 
tonsil appears as an oval or triangular red swelling, which in more severe forms is often covered 
with white frothy mucus, bleeding easily, usually also studded with whitish points similar to 
the plugs of secretion seen in man, and sometimes also with punctiform ulcers. , 

Although mild cases may heal in a few days or a week, nephritis sometimes develops after 
3 or 4 days, when in spite of a fall of temperature no improvement takes place in the general con- 
dition. Albuminuria may be considerable (up to 1 per cent.) and sometimes the urine contains 
blood and renal casts; but with proper treatment such cases may recover in 2 or 3 weeks. Occa- 
sionally there are ocular complications in the form of mucoid or muco-purulent conjunctivitis, 
which may lead te keratitis, with ulceration and perforation of the cornea ana consequent 
panophthalmia. The diagnosis of this condition from distemper may be difficult. 


In chronic pharyngitis general symptoms may be, absent or may be 
limited to some difficulty in deglutition, usually painless. Swelling of 
the pharyngeal region is generally absent. Feeding is often interrupted 
by attacks of coughing and there may be a mucoid or muco-purulent 
discharge from the nose. Examination of the buccal cavity shows hardness 
and enlargement of the tonsils. In chronic adenoid pharyngitis Li€éaux 
and Liégeois observed in some cases inspiratory stertor, together with 
symptoms of chronic pharyngitis. 

Course. ‘The prognosis of primary acute pharyngitis is in most cases 
favourable, but in swine and cats it is frequently fatal. The symptoms 
develop rapidly in 2 or 3 days, and after remaining at the same intensity for 
a short time gradually subside towards the end of the first or second week. 

If suppuration or ulceration occurs the symptoms persist longer, and 
the temperature rises and remains high till the necrotic tissue is shed or 
the pus evacuated. After the rupture or opening of abscesses the general 
condition improves rapidly and recovery takes place, unless this is delayed - 
by the formation of a pharyngeal fistula. Occasionally thickening of 
the pharyngeal mucous membrane may develop, which may cause per- | 
sistent interference with deglutition and respiration. In horses acute 
catarrh of the guttural pouch is almost always present, while in swine, 
after the rupture of several small subcutaneous abscesses, there often 
remains a hard painless’ swelling which interferes with respiration. 
Paralysis of the pharynx is an occasional sequel, but this may in time 
subside. : . 

A fatal termination is generally due to the development of complica- 
tions, such as acute oedema of the larynx, causing asphyxia. In horses 
particularly death may be due to aspiration pneumonia, more rarely to 
pleuritis or pericarditis by extension of inflammation to the mediastinum. 
Lastly, in phlegmonous or ulcerative pharyngitis death may occur from 


septic infection or hemorrhage. 
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Diagnosis. The clinical picture is usually characteristic. Impaction 
of foreign bodies in the pharynx, which occurs chiefly in carnivora and 
cattle, only exceptionally in other animals, can be detected by inspection 
and ‘palpation. Ina case reported by Sustmann perforation of the wall of 
the pharynx and adjacent soft parts by a hat-pin gave rise to a palpable 
swelling in the region of the eye. ‘Tumours of the pharynx are not usually 
painful, signs of an acute affection are absent, and local examination will 
reveal the tumour. In paralysis of the pharynx there is no tenderness 
and the characteristic position of the head is absent. In diseases of 
central origin certain cerebral nerves are affected, and in meningo-enceph- 
alitis there are disturbances of consciousness. In oesophageal obstruction 
no changes are found in the pharynx and regurgitation during deglutition 
occurs at a later phase of the act of deglutition; a sound passed into the 
cesophagus will detect the obstruction. Parotitis does not usually cause 
regurgitation, there is no nasal discharge, and no sign of pain is elicited 
by pressure on the lower pharyngeal wall (root of the tongue). In catarrh 
of the guttural pouch there is swelling of the upper parotid region, pressure 
on which causes a discharge from the nose; pressure on the lower pharyngeal 
wall from the root of the tongue causes no pain. A definite diagnosis 
from affection of the lymphatic gland of the guttural pouch, which is so 
common in horses, can only be made by endoscopic examination of the 
pouch. Infectious diseases such as strangles and influenza in horses, 
hemorrhagic septicemia, gas gangrene, blackleg, malignant oedema, 
swine plague, and anthrax in cattle and swine must be excluded, the 
diagnosis depending on the history and the presence of other signs and 
symptoms. 

The degree of pharyngitis 1s easier to determine in small animals, in 
which direct inspection is more readily accomplished. In other animals, 
however, high fever and the rapid development of local swelling point 
to a deeply penetrating inflammation; an offensive odour of the breath 
and saliva indicates a necrotic and/or diphtheroid process, while the 
presence of shreds of fibrin in the coughed-up sputum suggests pseudo- 
membranous pharyngitis. Under favourable conditions in horses and 
cattle endoscopic examination, when skilfully performed, will determine 
the diagnosis. 

Prognosis. Jn acute primary pharyngitis free from complications 
the prognosis is favourable; but phlegmonous, pseudo-membranous and 
purulent forms of the disease are often fatal, especially in horses, in which 
aspiration of ingesta, etc., is not infrequent. 

Treatment. ‘The food must be soft, pulpy or liquid. In herbivora 
the best food is green fodder, well-moistened hay, meal or bran mash, 
and sliced turnips; for swine and carnivora, milk, rice, oat or barley 
porridge. When there is great difficulty in swallowing it is advisable 
to give no food at all for 1 or 2 days and relieve thirst by repeated injections 
of water per rectum [although free access to pure cold water should always 
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be allowed.—Ed.]. After this, if it is considered proper, artificial feeding 
can be carried out by introduction of liquid nutriments by the stomach tube. 
[This practice is generally to be deprecated.—Ed.|] Mangers soiled by 
food and excreta should be cleansed at frequent intervals. 

For the local treatment of pharyngitis, and also of tonsillitis in dogs 
and cats, the mucous membrane should be painted with astringent and 
antiseptic solutions (0-05 to o-1 per cent. silver nitrate, 3 per cent. hydrogen 
peroxide, 1: 1,000 acriflavine, 3°5 per cent. tincture of iodine in glycerin, 
10 per cent. alum in glycerin). If these applications cause much 
distress, and especially in the case of larger animals, it is best to 
discontinue them, and substitute milder forms of antiseptic administered. 
in the drinking water, such as potassium chlorate (for horses 40 to 50 
grammes to a bucket of water, for dogs a 2 per cent. solution in tablespoon- 
ful doses) and sodium salicylate (1 to 2 grammes as ao°5 per cent. solution). 
Inhalations of water vapour, or of cresol or eucalyptus vapour, are 
useful; also the application of alum, tannin, or acriflavine (1 : 1,000) 
solutions by a spray apparatus. Insufflations of powders may also be 
used (tannin with ro parts of talc, salicylic acid and camphor equal parts 
with 30 parts of starch, alum or collargol with 10 to 20 parts of milk sugar) 
by means of an insufHator. 

According to Haertle, suprarenal preparations (adrenaline, suprarenine, 
etc.), by their astringent action on the bloodvessels, are useful in reducing 
inflammation. Intrapharyngeal injections from the trachea and also 
intranasal introduction of solutions into the pharynx are not always free 
from danger. In the membranous pharyngitis of swine, Hungarian veterin- 
arians obtained good results, even in severe cases, by the subcutaneous 
injection of diphtheria antitoxin (20 cm.); but found that this could 
be replaced by heterogeneous normal serum, which was more easily 
obtained. In severe cases of tonsillitis in dogs and cats Horning and McKee 
regard a radical operation under ether narcosis as usually necessary, while 
Carlin performs tonsillotomy less frequently and limits it to chronic cases, 
or those with a tendency to relapse. In all cases in the early stages, 
cold, wet compresses should be applied to the region of the pharynx. 
Hot poultices of oatmeal, barley or kaolin applied to persistent swell- 
ings hasten the maturation of abscesses. Beneficial effects are claimed 
for the intensive irradiation with the Sollux lamp, applied daily for 
15 minutes over the larynx. Resorbent ointments (grey mercurial 
ointment, camphor or iodoform 1:10) may also be employed; also 
light inunctions with red iodide of mercury ointment 1:16. When 
abscesses form they should be opened as early as possible; in cattle, 
if necessary, from within by a knife introduced into the pharynx. In 
horses rupture of a suppurating lymphatic gland of the guttural pouch is 
hastened by pressure on the upper parotid region. Pharyngeal fistula 
must be treated surgically. In cases with acute dyspnoea and oedema of 
the larynx tracheotomy may be necessary. 
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The oral administration of drugs is usually superfluous and may 
even be dangerous. If necessary they may be administered rectally or 
subcutaneously. 

Chronic pharyngitis in small animals may be treated locally by painting 
with tincture of iodine, perchloride of iron (1:6), iodine or tannin 
glycerin, insufflation of boric acid, or equal parts of tannin and sugar; 
in larger animals by frictions, cold compresses, and irrigation of the 
pharyngeal mucosa with dilute Lugol’s solution. 


Artificial Feeding of Sick Animals. ‘The simplest and most practical method is by 
introducing liquid food into the stomach by means of a wide-necked flask or funnel and rubber 
stomach tube. Small animals may be fed with a spoon. Herbivorous animals should be given 
meal and bran gruel, while milk, meat or flour broth mixed with eggs and glucose are 
suitable for carnivora. If there is difficulty in swallowing or if feeding provokes attacks of cough- 
ing this method must be abandoned and food must be introduced by means of the stomach tube. 

Rectal feeding must be resorted to when there is great sensitiveness of the pharynx, when 
the introduction of the stomach tube causes much distress, and in cases of cesophageal obstruction 
or severe inflammation of the stomach and intestines. In performing rectal feeding the accumu- 
lated faeces must be removed from the rectum by hand or by means of a soap-and-water enema 
a quarter or half an hour previously. Fluid nourishment can be introduced by an irrigator, 
but pulpy foods require an enema syringe, used under moderate pressure. ‘The nutrients should 
be of body temperature and should be introduced into the rectum as high up as possible. Ex- 
pulsion of nutrient enemata may be prevented by adding opium to them, by pressure on the 
tail, or if necessary by the use of a tampon. It seems advisable to add 1 to 2 per cent. of sodium 
chloride to nutrient enemata, as this, by promoting antiperistalsis, enables the fluid to reach 
the anterior portion of the intestine and become absorbed. When nutrient enemata are given 
daily the rectum should be manually evacuated once a day to remove any accumulated and 
decomposing matter. 

The quantity of nutrient material (given 3 or 4 times daily) should be: for small cats and dogs, 
10 to 40 c.c.; for large dogs, 100 to 200 c.c.; for small ruminants, foals and calves, 200 to 400 c.c.; 
for adult horses and cattle, 2 to 3 litres. 

As regards the composition of nutrient enemata it must be borne in mind that the mucous 
membrane of the large intestine can convert only starch and cane sugar into glucose, but 
nevertheless it possesses considerable absorbent power and can absorb water, salts, glucose, 
peptone, albumoses and other proteins, as well as small quantities of emulsified fats. ‘The most 
suitable enemata for dogs are made with milk, starch and glucose, and may also contain raw 
egg, the maximum amount of glucose being 2 per cent. and of starch 6 to 10 per cent. of the 
total amount. ‘The starch is made into a uniform thin paste by the addition of boiling water 
to it after it is placed in a previously warmed vessel. ‘The glucose is dissolved in warm water 
and added to the starch paste, and after the mixture is cooled to body temperature 2 or 3 eggs 
which have been stirred up with a tablespoonful of water and a pinch of salt are added. 

For dogs and cats Blount recommends massive enemata (vide Intestinal Catarrh)—nutrient 
enemata, which for 10 kilograms of body weight contain 775 c.c. of water at body temperature, 
with 2 to 5 per cent. sodium chloride, 5 per cent. glucose, and pancreatised meat juice or milk, 
this mixture being kept at a temperature of 37° C. for 30 minutes. The nutrient enemata 
recommended by Leube in human medicine may also be used. They are as follows: peptonised 
milk (250 grammes milk, 60 grammes peptone), egg and milk (250 grammes milk), sugar and 
milk (60 grammes glucose, 250 grammes milk), pancreatic enema (50 to 100 grammes pancreas, 
150 to 300 grammes meat, 30 to 45 grammes fat). ‘The simplest form of pancreatic enema is 
prepared by mixing finely minced beef with finely minced ox or swine pancreas free from fat 
(3 to 1); to this mixture a certain amount of fat (e.g., 30 to 40 grammes of cod-liver oil shaken up 
with a few tablespoonfuls of a 0-3 per cent. solution of sodium bicarbonate) is added, and also 
6 to 10 per cent. of starch, or better 2 per cent. of glucose. Instead of fresh pancreas, pancreatin 
may be used, while for pet animals artificial protein preparations (peptone, meat meal, etc.) 
can be substituted for fresh meat. 

Subcutaneous injection of nutrient material may be considered, especially when disease of 
the large intestine renders the use of enemata inadvisable, or when the enemata are not retained. 
According to Ornstein, 150 to 200 c.c. of blood serum with 10 to 20 per cent: of glucose are 
entirely absorbed and assimilated in dogs. By this means 22 per cent. of body protein is saved 
from catabolism. Fluid nutriments are best administered slowly by means of an infusion appara- 
tus under low pressure and at body temperature. Fats (oil, butter and lard) may be given 
to large animals in doses of 50 to 70 grammes, to small animals in doses of 10 to 15 grammes 
injected subcutaneously in several places, repeating the dose 4 times a day. 
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Intravenous injection of nutriments may also be carried out, the most suitable form being 
glucose (0-5 gramme in 20 per cent. solution; 05 gramme per kilogram of body weight), mixed 
whenever possible with blood serum from an animal of the same species, to provide the necessary 
protein. 

Artificial feeding by the stomach is the most important method, as it enables even large 
animals to be kept alive for weeks, while rectal and parenteral feeding can only reduce the 
catabolism of substances stored in the body, and are insufficient to keep animals alive for long; 
also, their daily administration presents difficulties. 


2. Animal Parasites in the Pharynx 


Gastrophilus Larvee. In horses, gastrophilus larve are sometimes found 
attached to the posterior and lateral walls of the pharynx and to the ventral 
surface of the velum palatinum. ‘They are sometimes present in large quantities 
(in Lindenaus’ cases up to 50, in a case of Schlegel’s 31, and in Sittler’s cases 46), 
when they give rise to severe pharyngitis with tissue proliferation, severe 
dysphagia, or attacks of coughing, difficulty in breathing or occasionally 
aspiration pneumonia. ‘The local symptoms soon subside after removal of 
the larve and painting with iodine or swabbing the mucous membrane with 
iodine-glycerin. 

Rhinoestrus (Gstrus) purpureus (Cephalomyia purpurea) sometimes 
occurs in horses in the nasal passages and their accessory sinuses, and in the 
pharynx, and gives rise to pharyngeal catarrh, cough, and even dyspnoea with 
stertorous breathing when it approaches the laryngeal entrance. Similar 
symptoms may be caused by Cephalomyia maculata in buffaloes, camels and 
dromedaries. 

Cephenomyia trompe, the bot-fly of reindeer, is much more dangerous. 
According to Bergman’s observations, the adult fly is found in the summer 
months till the beginning of September. The female fly pursues the reindeer, . 
hovers under the neck, and on a favourable opportunity deposits in the nostril 
a droplet containing larve. On the approach of the flies the reindeer often 
stand with lowered head, bury their muffles in herbage, and after deposition of 
the larve throw their heads from side to side, snort repeatedly and rub their 
noses on the ground or on their forelegs. ‘The larve attach themselves chiefly 
to the saccular depressions in the posterior part of the pharynx, and often give 
rise to severe pharyngitis, rhinitis and laryngitis, or even deglutition pneumonia 
or rupture of the saccular depressions, causing progressive phlegmonous 
inflammation in the region of the trachea. Severe larval invasion in calves 
and in debilitated animals may cause death from exhaustion. ‘The losses may 
amount to 2 per cent. of the herd. ‘The reindeer bot-fly may also pursue cattle, 
in which the larvae cause prolonged sneezing, with a discharge of thin mucus 
and licking of the nose, but do not undergo further development. Similar 
affections may be caused in roes and stags by oestrus larve. 

(Estrus larvee may be removed from the pharynx by means of a rod covered 
with oiled linen or with a swab soaked in eucalyptus ointment (1 : 15). 

‘Hungarian Flies”? (Szmulium ornatum, S. reptans, S. columbesensis) may 
wander through the mouth and nose into the pharynx and set up inflammation 
leading to suffocation. | 

Horse Leeches (Limnatis nilotica, Hemopis sanguisuga) in southern regions 
enter with the drinking water into the buccal and pharyngeal cavities, from 
which they may sometimes reach the nasal cavities. They attack chiefly 
horses, mules and asses, but sometimes cattle, buffaloes, swine, sheep, camels and 
dromedaries. (Bouin found them in 60 per cent. of dogs in Southern Morocco, 
and almost constantly present in the older animals; Ivanoff found them in 0-8 
per cent. of buffaloes and in 0:13 per cent. of cattle in four villages in Bulgaria.) 
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After their attachment they suck the blood from the mucous membrane and 
by their irritation give rise to inflammatory oedema of the pharyngeal and laryn- 
geal mucous membranes. . Occasionally they unite to form balls, which may 
cause occlusion of the pharynx or nasal passages. ‘The symptoms are manifested 
by blood-stained saliva, muco-sanious discharge from the nose, sometimes 
pharyngitis with oedematous swelling of the lower parotid region. In severe 
cases there is stertorous breathing through the open mouth. Death may be 
caused by occlusion of the pharynx or nasal passages, more rarely from hemor- 
rhage when the leeches are present in large numbers (Blaise in two cases found 
185 and 192 leeches). ‘The diagnosis is confirmed by finding the leeches 
attached to the buccal and pharyngeal mucous membrane. 

The treatment consists in frequent irrigation or syringing of the mouth and 
pharynx with water containing salt and vinegar or solution of ammonia. 
In severe cases 2 to 10 per cent. turpentine emulsion, which in large animals 
can be administered by means of a rubber catheter passed: through the naris 
into the pharynx, is more suitable, about 60 c.c. of the emulsion being discharged 
before the withdrawal of the catheter. Another useful application is 3 per 
cent. chloroform water. 

Hemiclepsis tessellata is found in the pharynx of ducks and geese. ‘The 
birds suffer from malaise and lassitude and may die from exhaustion. 

Acuaria reticulata (Dispharagus reticulatus) was found by ‘Tokishige at- 
tached to the pharyngeal wall in a horse affected with severe pharyngitis. 


3. Tumours of the Pharynx (Intra- and Peripharyngeal 
Tumours) 


Incidence. Among the comparatively uncommon tumours of the 
pharynx and its surroundings may be mentioned blastomata (papilloma, 
carcinoma, sarcoma, lipoma). ‘There are more frequently encountered 
retention cysts and connective tissue proliferations remaining after acute 
pharyngitis, and lymphadenoid polypi of the pharyngeal tonsil, actino- 
mycotic and tuberculous growths occur in cattle. Residual abscesses 
in the retropharyngeal glands may cause similar clinical symptoms in 
horses and cattle. According to Morckeberg, actinomycoma usually 
develops in the upper posterior portion of the pharynx, more rarely 
in the lateral wall and in the palatine arch, while tuberculous growths 
tend to form outside the pharynx, and by causing protrusion of its 
wall produce a tumour-like swelling in the cavity. Retention cysts are 
usually found near the root of the tongue and the upper surface of the 
epiglottis. Intrapharyngeal tumours often become pedunculated in time 
owing to repeated traction on them during deglutition. 

Symptoms. Sessile tumours cause increasing difficulty in deglutition, 
but without pain; later there is dyspnoea, manifested by rattling, whistling 
or snorting sounds. Narrowing of the posterior nares causes labial 
breathing, with bulging of the cheeks during expiration, which disappears 
when the mouth is opened. ‘The symptoms are increased when the head 
is turned laterally. 

Pedunculated tumours of comparatively small size cause only occasional 
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disturbance of deglutition or respiration, when, during the act of swallowing 
or on deep inspiration, or when the head is held in a certain position, they 
are drawn into the first part of the cesophagus, the posterior nares or the 
larynx, from which they are dislodged by coughing or by vigorous shaking 
of the head. These attacks occasionally lead to suffocation. As the 
tumour increases in size the attacks become more frequent and cause 
permanent difficulty in deglutition and respiration. 

Nasal discharge occurs only in some cases; it may be foetid and 
mixed with tissue fragments. LEpistaxis is sometimes exhibited. Dogs 
often vomit, and the tumour may then project into the buccal cavity. In 
small animals the tumours can be seen on inspection; in horses and cattle, 
however, only with the endoscope. In these animals they can be felt with 
the hand introduced into the mouth. Peripharyngeal tumours often 
cause visible changes in the pharyngeal region. Malignant and tubercu- 
lous growths give rise to chronic enlargement of the submaxillary and 
subparotid lymphatic glands. 

Diagnosis. Slowly increasing disturbance of deglutition and _ res- 
piration suggests the presence of pharyngeal tumour, but the diagnosis 
can only be confirmed by local examination. Laryngeal tumours can be 
excluded by laryngoscopy and palpation; if necessary, an exploratory 
laryngotomy may be performed. ‘Tumours of the trachea may be distin- 
guished by increase of the respiratory disturbance on pressure of the 
trachea at adefinite place; sometimes exploratory tracheotomy is neces- 
sary. Nasal stenosis is easily recognised by local examination of the nasal 
passages. Retro- or peripharyngeal abscesses present a similar clinical 
picture during a protracted course, but can be diagnosed by the history 
of the case and by local examination. In making a differential diagnosis 
other conditions require consideration: chronic affections of the cesophagus 
and guttural pouch, spasm of the glottis, bronchial stenosis; and in dogs, 
cardiac dyspnoea due to uncompensated valvular disease of the heart. 

Treatment. Pedunculated tumours and those without a broad 
base can be crushed or removed after ligation of the pedicle. Pre- 
liminary tracheotomy is, however, usually necessary. In actinomycotic 
growths of the pharynx iodide of potassium treatment often fails. Spon- 
taneous healing may occasionally occur both in actinomycotic and 
tuberculous growths. (For details of the operative treatment of pharyn- 
geal tumours see textbooks on Veterinary Surgery.) 


SECTION IV 
DISEASES OF THE @SOPHAGUS 


1. Inflammation of the Gsophagus (Gsophag¢itis) 


Because of its structure, the mucous membrane of the cesophagus is 
less sensitive to irritants and also less exposed to their action during their 
rapid passage through the gullet. Inflammatory changes are therefore 
comparatively infrequent, but may occur after the swallowing of hot 
distiller’s slop, corrosive substances (alkalis and acids, tartar emetic), 
sharp or rough particles of food, or pieces of bone and other foreign 
bodies, also after unskilful introduction of the stomach tube; very 
rarely after external trauma of the cesophageal region.. Inflammation 
of the cesophagus with perforation has been caused in a horse by masses 
of larve of the horse-fly (Gastrophilus pecorum), which settled in the mucous 
membrane and in some places penetrated to the muscular layer, as many 
as 70 larve being found. Phlegmonous or purulent inflammation of the 
oesophagus may also be due to invasion by hypoderma larve. 

(Esophagitis may sometimes occur secondarily to pharyngitis or 
gastritis, especially in connection with infectious diseases (foot-and-mouth 
disease, variola, rinderpest, etc.). 

Anatomical Changes. ‘The epithelium of the mucous membrane ts 
detached in irregular patches, or sometimes over extensive areas. At these 
places the exposed mucous membrane is dark red and hemorrhagic; 
the submucosa is more or less cedematous, and in severe cases affected 
with gelatinous or purulent infiltration. In cesophagitis caused by 
hypoderma larve burrows formed by the larve and necrotic purulent 
foci are found in the swollen submucosa, muscular layer and _ periceso- 
phageal tissue, in which the larve can be seen as translucent bodies 
o-2 to 1*5 cm. in length. Croupous inflammation has been seen in 
cattle after the administration of liquid ammonia. 

Chronic catarrh leads to thickening of the epithelium and sometimes 
to papillary proliferation. 

Symptoms. Superficial catarrh of the cesophagus may remain 
unnoticed, but in more marked cases there is visible difficulty in swallowing, 
manifested by movements of the head from side to side, stretching and 
bending of the head, and in horses pawing with the forefeet; the facial 
expression is that of anxiety. In some cases impaction of food in the ceso- 
phagus can be observed (sometimes just below the pharynx); this sets up 
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antiperistaltic movement which expels the food through the mouth or 
nose. (Esophagitis due to hypoderma larve causes difficulty in deglutition, 
disturbed rumination associated with meteorism, and consequent reduction 
in physical condition. This affection occurs most frequently between the 
months of January to March, but also between July and November. 

In extensive inflammation there is a discharge of mucoid or blood- 
stained saliva from the mouth and nose, the animals usually refuse food, 
and in croupous inflammation there is sometimes a discharge of tube-like 
casts. Pressure over the left jugular region causes pain, and sometimes 
produces undulatory movements in the direction of the larynx, with the 
expulsion of chewed fodder in slimy masses. In herbivorous animals 
there is often retching or vomiting. The health of the animal rapidly 
deteriorates, and in severe cases febrile symptoms are manifested. 

Course. Cases of simple catarrh subside in one or two weeks. More 
severe inflammation may lead to cicatricial stenosis or to suppuration in 
the surrounding tissue, with abscess formation, which may extend to the 
thoracic cavity, or it may lead to perforation. These complications 
are indicated by an inflammatory swelling in the jugular region. If 
perforation takes place into the thoracic cavity, pleurisy results. 

Treatment. To reduce the inflammation, cold (preferably iced) 
water or cold milk should be offered ad libitum with mucilaginous or 
astringent fluids (4 to 1 per cent. tannic acid in linseed infusion). Cold 
compresses may also be applied to the throat. If the inflammation is 
due to corrosive poisons, antidotes (acid or alkaline liquids) mixed with 
mucijaginous drinks should be given. In cases with much pain and 
dysphagia narcotics are indicated (morphine subcutaneously, or tincture 
of opium in water). Severe cases may require rectal feeding. 


2. Spasm of the Gsophagus (Gisophagismus) 


This condition signifies the occurrence of paroxysmal contractions 
of the cesophageal musculature independent of any anatomical changes 
in the cesophagus. It is distinct from the more common symptomatic 
spasm which occurs in organic diseases of the cesophagus or in cases of 
cesophageal obstruction. 

Etiology. ‘The occurrence of a primary cesophageal spasm of neuro- 
pathic origin is very doubtful. The repeated attacks observed in excitable 
horses (rarely in cattle) and similar symptoms occurring after drinking 
cold water or during feeding are more probably due to hypersensitive- 
ness, or stretching in temporary obstruction caused by masses of dry or 
irritating fodder. ‘The occurrence of cesophagism seen after morphine, 
chloroform or chloral hydrate narcosis seems to be due to weakening 
of the cesophageal reflex. Csophagism. may occur in tetanus and. 

rabies. 
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Symptoms. At the onset of spasm the animal becomes restless 
and shows great anxiety; it ceases to take food, but continues masticatory 
movements and makes attempts to swallow by stretching and bending 
the head. During these movements an undulatory movement extending 
from the breast towards the head can be seen in the left jugular depression, 
resulting in a discharge of saliva through the mouth and nose. Palpation 
of the left jugular depression reveals the tense cord-like constriction of the 
cesophagus and anteriorly to this a dilatation filled with saliva and air. 
The spasms generally last only a few minutes, seldom for hours, and 
may be repeated one or more times. In the case of a horse reported 
by Cadéac they occurred spontaneously every week for a year and a 
half, and could also be produced artificially by feeding with short cut 
dry fodder or by giving very cold water. Roy observed a case in 
which five attacks occurred in 5 years, each attack lasting 5 hours and 
being followed by dyspnoea lasting 24. hours. In the case of a horse seen 
by Schmidt and Voigt, emergency slaughter was necessary. 

Diagnosis. Primary cesophageal spasm is distinguished from 
secondary attacks of spasm caused by inflammation, obstruction and 
constriction of the oesophagus, by its sudden onset and its equally rapid 
disappearance, and by the unobstructed passage of an cesophageal sound, 
which, however, should be passed only after the previous administration 
of a narcotic. In cases in which symptoms of spasm persist for some 
time after the impaction of boluses of food in the cesophagus the nature of 
the condition will be determined by the passage of a sound. It should 
always be remembered that cesophagism is almost invariably due to 
temporary obstruction or superficial injury. 

Treatment. ‘This consists in the administration of narcotics 
(morphine subcutaneously: for horses 0-4 to 0-6 gramme, for smaller 
animals o-o1 to 0-02 gramme; chloral hydrate per rectum: for large 
animals 25 to 50 grammes, for smaller animals 0:05 to 0-5 gramme). 
In the intervals between attacks bromide of potassium may be given (for 
horses, daily doses of 30 grammes). 


3. Paralysis of the @sophagus 


Atiology. Paralysis of the cesophagus occurs usually in association with 
paralysis of the pharynx. A few cases of primary paralysis of the cesophagus 
in horses have been described; the nature of these is not clear. In cases de- 
scribed by Moller after resection of the arytenoid cartilages there occurred in- 
flammatory swelling of the first part of the cesophagus; in Brissot’s cases a fall 
on the left side, in a case of Graf’s a kick on the neck were the causes of paralysis, 
and in another horse sanio-purulent inflammation was found in the region 
behind the cesophagus, which contained masses of food. In these cases trauma- 
tic injury of the cesophageal wall cannot be excluded. Theiler observed several 
cases in horses, and a few in mules, affected with horse sickness; he attributed 
the cause to a toxic virus acting on the nerves of the cesophagus, and also to 
the effect of pressure on these exerted by gelatinous infiltration of the connective 
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tissue in the pharyngeal region. Pachmann and Schneider were unable to 
find any cause in their cases. Occasionally histological changes may be found 
in the vagus and recurrent nerves, but it is very doubtful whether the demon- 
stration of degenerative-like changes in these nerves is of any pathological 
significance. | | 

Symptoms. These commence with the gradual accumulation of food 
in the cesophagus, which gives rise to a sausage-shaped swelling in the left 
jugular depression. When the cesophagus is quite full, swallowing becomes 
impossible and regurgitation takes place owing to the failure of peristaltic 
action, which normally would impel the food towards the stomach. Dysphagia 
occurring after arytenoidectomy disappears in a few weeks; in Brissot’s case 
in 2 days, while Theiler only saw two animals recover. Death may be caused 
by starvation or by aspiration pneumonia. , 

Diagnosis. A diagnosis of cesophageal paralysis can be made after exclu- 


sion of pharyngeal paralysis, and of obstruction, stenosis and dilatation of the 
cesophagus. 


Treatment. Impacted masses of food may be pushed on into the stomach 
by the cesophageal sound and by means of massage. Subsequent treatment 
consists in allowing the animal succulent or liquid food. ‘The employment of 
nerve tonics (strychnine, veratrine) and of electricity has not proved beneficial. 


4. Obstruction of the @sophagus (esophageal Occlusion) 


This condition signifies sudden closure of the otherwise normal ceso- 
phagus by food masses or foreign bodies. 

AEtiology. Csophageal obstruction is most often observed in cattle, 
in which it is usually caused by impacted masses of fodder (potatoes, 
turnips, apples) and only exceptionally by foreign bodies (see Foreign 
Bodies in the Stomach). Sometimes unusually large pieces of rough 
dry fodder become impacted. Occasionally an oesophageal sound 
may be accidentally swallowed and become impacted, or hair balls or 
other foreign bodies may .become displaced from the rumen into the 
cesophagus. ! 

In sheep, obstruction of the cesophagus may be caused by masses of 
hard food (turnip, etc.). 

In horses, rough, dry particles of food or unusually large masses 
may become impacted when the animals feed greedily (after prolonged 
abstinence during railway or other transport, or after operation), when the 
food is insufficiently chewed and mixed with saliva, or the reflex excita- 
bility of the cesophageal nerves has been reduced by narcosis. It has 
also been often observed after feeding with insufficiently sliced, hard, dry 
turnips, which require excessive secretion of mucus to be swallowed, 
and are therefore liable to cause impaction. Obstruction by. foreign 
bodies such as eggs, boluses, broken “ balling guns” and_ sounds, 
swallowed milk teeth, etc., is much rarer. 

In swine, cesophageal obstructior® is not infrequently caused by 
potatoes, particles of bone, fruit, leaves, cut hay, etc. According to 
Mauderer, swine are more liable to impaction of the cesophagus with 
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food. owing to the slight development of the salivary glands and also to 
the ventral curvature of the cervical vertebre. 

In dogs, food particles (bone, cartilage, meat, fish or chicken 
bones), foreign bodies present in the food or objects swallowed in 
play may become impacted. Exceptionally, swallowed foreign bodies 
may become impacted in the cesophagus during vomiting. 

Pathogenesis. In horses the seat of obstruction is usually in the 
thoracic portion of the cesophagus, in other animals directly below the 
pharynx or in front of the entrance to the thorax. Asa rule the obstruction 
is complete, but occasionally incomplete occlusion may be caused by 
thin, flat, sharp-pointed or tubular foreign bodies (needles, bone plates, 
fish bones, vertebra, etc.). In complete occlusion deglutition and 
evacuation of the stomach in rumination and vomiting are impossible, 
while in incomplete occlusion gaseous or thin fluid or pulpy matter can 
pass the obstruction. ‘The presence of foreign bodies in the cesophagus 
sets up painful cesophagospasm, which increases in frequency, degree, 
and duration the nearer the obstruction is situated to the cardia, so. 
that substances impacted in the caudal portion of the cesophagus cause 
more prolonged spasm than those impacted in the anterior portion, 
when spasm may be slight or absent. Sharp and pointed foreign 
bodies cause pain by injury to the wall of the cesophagus. ‘The irri- 
tation caused by stretching of the cesophagus by the foreign body 
itself or by accumulated food may set up antiperistaltic action in the 
muscular coat. : 

The pressure of foreign bodies may cause functional disturbance in 
the neighbouring organs, or even necrotic inflammation. Also, decom- 
position of accumulated food may set up inflammation, and by diminishing 
the resistance of the cesophageal wall, lead to acute dilatation. 

Symptoms.. Pain and the sense of pressure cause continued efforts 
to swallow and to eructate. The animal is restless, moves its head from 
side to side and stretches and bends its neck in attempting to swallow, 
opens its mouth and protrudes its tongue, salivates profusely, exhibits 
marked distress, and from time to time coughs spasmodically. As a rule, 
it refuses food and drink, but later may make attempts at eating and 
drinking which result in immediate regurgitation. These attempts 
afford some indication of the seat of obstruction: if it is in the anterior 
portion of the cesophagus food and water are rejected at once; if it is in the 
caudal portion, the swallowed matter can be seen passing along the 
cesophagus by inspection of the left jugular depression. The nearer is the 
obstruction to the cardia, the later and more prolonged 1s the regurgitation. 
In some cases the. animal continues to take food till the cesophagus is com- 
pletely filled, forming a firm cylindrical swelling in the neck, after which the 
ingestion of food ceases, but movements of mastication and spasmodic 
attempts at deglutition may continue. Independently of the ingestion of 
food and water, regurgitation of masticated food mixed with saliva and 
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mucus (in which free hydrochloric acid is absent) is sometimes observed. 
In cases of incomplete obstruction, water or liquid food passes through 
more or less completely without regurgitation; the other symptoms, how- 
ever, persist. 

The presence of impacted foreign bodies in the cervical portion of 
the cesophagus is recognised by the formation of a circumscribed swelling 
the size of a fist in the left jugular depression. ‘The swelling may be hard 
or soft and is tender to pressure, which produces eructation and ejection 
of chewed fodder. In swine and other fat-necked animals this swelling 


Fic. 5.—CisoPHAGEAL OBSTRUCTION CAUSED BY IMPACTION OF THE E,PIPHYSIS OF A 
Lone Bone In A Doc. 


(a) Piece of bone; (5) heart; (c) diaphragm; (d) trachea. 


may not be noticed, and only a diffuse inflammatory swelling caused by 
penetration of the foreign body is observed. On the other hand, the 
occurrence of a-soft, circumscribed swelling in the jugular depression in 
larger animals may be due to acute dilatation of the cesophagus in its 
lower cervical portion. 

The clinical picture varies according to the particular class of animal 
affected. In ruminants, after complete obstruction and after ingestion 
of fermentable foods, rapidly developing severe meteorism occurs owing 
to the prevention of eructation, while in incomplete obstruction there is 
at first only slight meteorism which only becomes severe when attempts 
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at feeding cause complete obstruction by impaction of the food which is 
swallowed. In swine, after prolonged obstruction there may be moderate 
distension. In such cases the animal stands quiet with the head bent down 
and the mouth open; it lies down for only a short time or not at all; saliva- 
tion and eructation occur; repeated attempts at feeding and drinking 
cause immediate regurgitation of water or food particles through the 
mouth; and if the first part of the cesophagus is compressed by a foreign 
body in the pharynx the animal produces a shrill sound instead of the 
normal grunt. 

In dogs, incomplete obstruction often causes mild symptoms, such 
as occasional retching, slow feeding with avoidance of large pieces of 
meat or bone, and pain in swallowing. In complete occlusion from sharp 
and penetrating foreign bcdies the animal refuses food altogether and is 
very restless; sometimes there are maniacal attacks, coldness of the head 
and neck, profuse salivation, movements of eructation and vomiting, 
and dribbling of frothy mucus or blood; sometimes also scratching of the 
neck in the region of the foreign body with the hind paws, and occasion- 
ally attacks of coughing and asphyxia. Gaucet found in one case an 
cedematous swelling of the head after impaction of a rubber ball in the 
cesophagus, which caused pressure on the jugular veins. 

Course and Prognosis. Foreign bodies impacted in the cesophagus 
are often expelled by repeated eructation or passed on into the stomach 
by spasmodic efforts at swallowing, after which the animal recovers. 
This is especially the case with small, smooth or soft bodies. In other 
cases there is progressive exacerbation of the symptoms, especially in 
cattle, which may become asphyxiated in a few hours by obstruction 
of the respiration and circulation caused by meteorism. Sometimes 
death is caused by compression of the trachea or of neighbouring nerves, 
or by obstruction of the larynx. 

In many cases the condition lasts longer, leading to lassitude and 
emaciation (in the case of a horse observed by Mitchell tetanoid spasms 
continued for 24 hours). During this time necrosis of the cesophageal 
wall may take place, with inflammation of the surrounding tissues. If 
the cesophagus becomes perforated in its cervical part, suppuration occurs 
in the connective tissue of the neck; if in the thoracic portion, sero-sanious 
pleuritis develops. In a case reported by Hausens in a cow a stone, - 
probably imbedded in the fodder, penetrated the loose connective tissue 
between the pericardium and the pericardial pleura and gave rise to 
serous pericarditis. 

Obstruction caused by a bolus of food may terminate in speedy recovery 
without operative interference when the bolus becomes softened with 
saliva and if it is easily moved; but if it becomes dry and hard it may 
cause dilatation or perforation. A fatal issue may also occur after removal 
of the foreign body if artificial feeding has been neglected, and also if 
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severe inflammation of the cesophagus or saccular dilatation of its wall 
has occurred; these themselves may cause difficulty in deglutition. In 
horses especially there is always a danger of aspiration pneumonia. On 
the other hand, small pointed bodies often perforate and enter the 
surrounding soft parts, where they become encapsuled and cause no 
marked disturbance. In greedy horses obstruction of the cesophagus by 
large boluses may occur repeatedly at short intervals. — 

Diagnosis. Obstruction of the cesophagus is distinguished by the 
sudden onset of characteristic clinical symptoms and history of the case. 
In some cases the diagnosis may present difficulties, especially when the 
obstruction is in the thoracic portion of the cesophagus. In this case the 
nature of the obstruction may be revealed by the passage of a sound with 
a metal ferrule or the administration of a barium sulphate meal made 
with thin oatmeal mash (preparatory to X-ray illumination), or by 
cesophagoscopy, as practised in Human Medicine. 

The cause and site of the obstruction can be established without such 
diagnostic methods only in a certain number of cases. In dogs and cats 
foreign bodies in the anterior part of the cesophagus can be seen under 
good illumination or felt with the finger, or in cattle by introducing the 
hand into the pharynx. In obstruction of the cervical portion a circum- 
scribed swelling is seen in the jugular depression, which may extend 
to the opposite side, palpation of which sometimes reveals the form and 
consistence of the foreign body. In obstruction of the thoracic portion, 
diagnosis is possible with the aid of the sound and by observation of the 
nature of the disturbances in deglutition; it being borne in mind that in 
incomplete obstruction a thin sound can be passed, although its passage 
always conveys some sense of resistance. 

Primary cesophageal spasm is distinguished from rapidly subsiding 
obstruction by careful introduction of a sound, if necessary with the aid 
of narcotics, or in certain cases by X-ray examination. Stenosis 
or dilatation of the cesophagus can be excluded by the clinical 
history. Paralysis of the cesophagus, restlessness, forced attempts at 
swallowing, and eructation are absent. In ruminants primary acute 
meteorism may occur, but in this case eructation, forced movements of 
swallowing, and regurgitation are absent, and a sound when introduced 
meets with no obstruction. Vomited masses from the stomach, except 
in ruminants, are strongly acid and contain free HCI; also vomiting occurs 
within a certain time after feeding and is accompanied by abdominal 
straining. Lastly, differential diagnosis from certain nervous affections 
(rabies, bulbar paralysis, botulism, cerebro-spinal meningitis) must be 
borne in mind. 

Treatment. ‘This depends on the situation and nature of the foreign 
body, and also on the condition of the cesophageal wall and the duration of 
the affection. Foreign bodies in the anterior part of the cesophagus can 
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be removed by the hand. For this purpose the head, in horses and cattle, 
is stretched forwards and the mouth kept open by a mouth gag or by 
drawing out the tongue and holding it to one side, while the hand with 
closed fingers is introduced along the hard palate into the pharynx; 
the fingers are then opened and the foreign body seized and withdrawn. 
This procedure is aided by forward pressure below the pharynx exerted 
by an assistant. Mord employs for this purpose an cesophageal forceps 
with a ring-shaped serrated end, while Veit uses a curved hook fixed to 
the hand. Gehrt recommends removal by means of a corkscrew with 
a short enough handle to enable it to be introduced into the cesophagus 
and into the foreign body. ‘These and other methods of removal may 
provoke oesophageal spasm and antiperistaltic movement, but this event 
may be avoided by subcutaneous injection of atropine or intravenous 
injection of chloral hydrate (12 to 22 grammes). In small animals 
foreign bodies can be removed from the anterior portion by means 
of dressing forceps, especially when this procedure has to be several 
times repeated. ‘This method is not always harmless (in a case of 
Denenbourg’s extensive oedema of the skin was caused, lasting more 
than a month). 

In the case of a foreign body in the cervical portion of the cesophagus 
attempts should be made to dislodge it into the pharynx, unless there is 
danger of suffocation. With this object, strong pressure is exerted by the 
thumbs placed in the right and left jugular depressions in order to 
dislodge the foreign body towards the pharynx. According to Kausch, 
this procedure sometimes succeeds by changing the position of a transversely 
fixed foreign body or a triangular piece of root into a longitudinal position. 
In all cases the shifting of the foreign body is assisted by infusion with 
oil (4 to 4 litre in large animals) or mucilage (about 1 litre), or by sub- 
cutaneous injection of arecoline for the purpose of producing salivation 
and thus lubricating the mucous membrane. Foreign bodies shifted by 
these means into the first part of the cesophagus can then be removed by 
the methods already described, unless they have already been expelled 
from the mouth spontaneously. Chapellier uses two instruments 
similar to hoof forceps, one of which compresses the cesophagus behind 
the foreign body while the other pushes it forwards towards the mouth. 
Becker recommends in some cases a roller forceps (with rollers at the 
ends of the grips). Reiche uses a loop of rope, which is passed round 
the neck of the animal behind the foreign body; by pulling upwards and 
forwards on the free end of the rope the foreign body is pushed onwards 
into the pharynx. 

For the removal of an obstruction in the thoracic portion of the cesopha- 
gus, when not due to sharp or pointed foreign bodies, the subcutaneous 
injection of emetics (apomorphine) may be tried in the case of dogs, cats and 
swine. By this means the foreign body is sometimes expelled by the pressure 


ay 
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of the vomited stomach contents. According to Ullrich, repeated vomiting 
can also be produced by irrigation of the intestine (see Intestinal Obstruc- 
tion). Kriiger removed the obstruction in a horse and in a cow by means of 
water pressure applied by passing a nasal tube up to the point of obstruction 
and connecting its free end with a water supply. In this procedure, 
however, there is a danger of water aspiration. Keyser obtained good 
results in cattle by intravenous injections of veratrine; the slow infusion 
of 6 to 8 ¢.c. tincture of veratrine in medium-sized animals and 8 to 10 c.c. 
in larger animals caused a severe but harmless reaction, followed by expul- 
sion of the foreign body in 5 to 10 minutes. ‘This method should not be 
used in cases of pulmonary emphysema or advanced tuberculosis. In 
some animals, after failure of other methods, subcutaneous injection of 
physostigmine or arecoline will produce strong muscular contractions of 
the oesophagus, often accompanied by vomiting and expulsion of the 
foreign body. 

~ It has been shown by Lothian that the obstruction can often be 
readily removed if, previous to the passage of the cesophageal sound or 
‘“ probang,” the animal is lightly anesthetized with chloroform. 

In dogs, the cesophagoscope has been used successfully by several 
practitioners for the extraction of small foreign bodies. 

In some cases the foreign body may be divided to facilitate its removal. 
For this purpose Gussarsson employs a spring sound furnished with a 
spatulate knife contained in a funnel-shaped dilatation of the sound. 
When the end of the sound reaches the foreign body the knife is pro- 
jected by means of a handle at the free end of the sound, and in this 
way the foreign body is divided. In difficult cases, and when other 
methods of extraction have failed, attempts must be made to push the 
foreign body into the stomach by means of an cesophageal sound, or in 
small animals a catheter; or in an emergency by a carefully wrapped 
flexible rod, or well-oiled piece of rope. In this procedure great care 
is necessary to avoid injury or perforation of the cesophagus or of the 
neighbouring bloodvessels. 

If these methods fail, it is advisable in all cases of cesophageal sien 
tion caused by substances which can be softened (parts of fruits, tubers 
and other food remnants) to perforate the rumen in order to prevent 
the rapid development of meteorism, which is liable to occur. In this 
operation the cannula of the trochar is left zm setu. ‘The obstruction thus 
often disappears spontaneously. Before this has occurred it may be con- 
sidered proper to resort to artificial feeding per rectum. 

Operative removal of a foreign body may also be performed by 
Immiger’s method, which consists in the introduction of a blunt-pointed 
tenotome through a puncture in the cervical portion of the cesophagus. 
- In this way the foreign body can be subdivided. 


In cases of failure by any of the above methods, or in cases of sharp, 
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angular foreign bodies impacted in the cervical portion of the cesophagus, 
and also, according to Sabarros, in oesophageal occlusion due to closure 
of the pharyngeal pouch in swine, cesophagostomy is the only rational 
method of treatment, and for the removal of foreign bodies impacted in 
the cardiac end of the oesophagus, laparogastrotomy. 

For the prevention of obstruction resulting from dried turnip slices, 
these should be soaked in 2 to 3 volumes of water, chopped roughage 
should also be fed for the purpose of promoting mastication and 
salivation. 


5. Stenosis of the (Esophagus (Gsophageal Stricture) 


/Etiology. Stricture of the oesophagus is rarely. caused by cicatricial 
tissue formation after deeply extending inflammation, injury from sharp 
or rough foreign bodies, or from corrosive poisons. An _ obturation 
stenosis may be caused by thickening of the mucous membrane, abscess 
formation or tumours (carcinoma, sarcoma, actinomycoma, papilloma or 
worm nodules) in the wall. In the case of a cow observed by Joest a 
pedunculated, lobular, spindle-celled sarcoma receded into the ceso- 
phageal opening, lke a ball-valve, during deglutition. In a case of 
Schimmels in a horse, stenosis was caused by the penetration of gastro- 
philus larve into the wall, and in Vion’s and Horson’s case numerous 
gastrophilus larve formed clumps projecting into the cardiac opening. 
In the horse, stenosis may be caused by continuous or often-repeated 
spasm of the cardia. According to Petit and Germain, interference with 
the passage of food through the obliquely placed cardia, in the course 
of chronic dilatation of the stomach with recurrent flatulence, may also 
cause symptoms of stenosis. 

Stenosis much more commonly results from compression due to tumours 
in the neighbourhood of the cesophagus (melanoma, goitre, lymphoma, 
myoma, exostosis), tuberculous mediastinal or peribronchial lymphatic 
glands in cattle and sometimes in dogs, occasionally abnormally disposed 
arteries, echinococci in the liver, great enlargement of the spleen in 
cattle and tuberculous tumours in the liver. Stenosis is only very rarely 
due to congenital anomalies. 

Pathogenesis. According to its origin, stenosis and its relative 
symptoms usually develop more or less slowly. It is only in the rare cases 
of congenital stenosis or in that type caused by spasm of the cardia that 
the condition develops suddenly (at birth, or after weaning of the young 
when they are fed on vegetable food). Since the degree of hindrance 
to the passage of food bears direct relation to the degree of stenosis, a 
large or hard bolus of food may be arrested at the point of constriction 
and give rise to symptoms of obstruction by a foreign body, till it is 
eventually forced through the constriction by strong contractions of the 
oesophageal muscles. 
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Symptoms. At first the animal feeds greedily and has no difficulty 
in mastication and deglutition, but later there is evident straining in 
swallowing. According to the degree of stenosis and the nature of the 
fodder these efforts occur occasionally or at every attempt at swallowing 
till the animal, hungry but exhausted, desists from further attempts at 
feeding. There is little or no trouble in the ingestion of fluids. Both 
during the attempts at deglutition and in the intervals between them 
there is regurgitation of saliva, usually mixed with food particles. In 
some cases there is only slow ingestion of food, with or without regurgi- 
tation. In ruminants cesophageal stenosis is accompanied by chronic 
flatulence. Lastly, in some cases complete occlusion or more often dilata- 
tion of the oesophagus above the obstruction occurs. 

The nature of the disturbance in deglutition often indicates the 
situation of the stenosis, since the later the efforts at swallowing and 
the regurgitation occur, the nearer the stomach the stenosis is situated; 
also in stenosis of the cervical portion the food can be felt immediately 
above the site of stenosis. Examination with the cesophageal sound 
gives more reliable information. By the passage of sounds of different 
diameters the degree of stenosis can be ascertained. When the sound 
meets with an obstruction in the cesophagus it should be left for a short 
time, or if necessary be withdrawn a little, and then be pushed gently 
forwards under uniform pressure. It is only when the sound is regularly 
arrested at a definite point that a stenosis can be assumed. 

In the case of pressure stenosis from tuberculous mediastinal lymphatic 
glands in cattle there is only slight hindrance to the passage of a sound 
at the level of the eighth or ninth ribs. In such cases there may be only 
indefinite symptoms of tuberculosis, manifested by chronic flatulence 
without any disturbance of mastication, rumination or defecation. 

Prognosis. This is generally unfavourable, especially in cicatricial 
stenosis and in cases of tumour. In prolonged cases the animal becomes 
_ progressively weaker and eventually dies from exhaustion, phlegmon, 
pleuritis (observed by Sequens:in stenosis due to worm nodules) or from 
aspiration pneumonia. 

Treatment. In pedunculated or enucleable tumours of the neck 
operative removal is successful. In cicatricial stenosis gradual dilata- 
tion by graduated sounds may be considered, but this procedure is 
hardly feasible in practice. If the animal is to be kept alive life may 
be prolonged by giving it soft and fluid food. In stenosis due to 
actinomycosis, potassium iodide (6 to 10 grammes daily) should be 


administered. 


In a case in an ox, an abscess in the wall of the cesophagus was evacuated through 
the mouth after rupture by a sound which had been passed to relieve a stricture. Similar 
cases have been described. In a case of abscess of the thoracic portion Ries evacuated 
the contents into the stomach by separating the abscess wall from the cesophagus after 


laparogastrotomy. 
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Tumours of the @sophagus. In cattle, papillomata are comparatively 
common in the form of small, soft villous nodules, or larger, branching cauli- 
flowerlike growths up to the size ofa fist. Actinomycomata may occur as multiple 
flat, hard masses with or without central softening, yellowish-red nodules or 
larger tumours the size of an orange. In horses, fibroma, melanoma, sarcoma, 
carcinoma are found; and in dogs, sarcoma, chondroma and retention cysts. 

Symptoms. Large hard tumours cause symptoms of stenosis. ‘The 
presence of a palpable hard, immovable swelling in the left jugular depression 
without inflammatory symptoms, and with positive obstructive effect upon the 
passage of a sound, are diagnostic signs of tumour. 

Treatment. ‘This consists in operative removal, except in the case of . 
actinomycoma, which can be treated by iodides. 


6. Dilatation of the Gsophagus 


Dilatation of the cesophagus consists in a persistent pathological 
condition with enlargement of the lumen of the oesophagus, either uniformly 
(ectasia cesophagi) or at one circumscribed part of the wall (diverticulum 
cesophagi). 

Occurrence. Dilatation of the cesophagus is a rare condition occur- 
ring most frequently in horses, and usually affecting the lower cervical 
and thoracic portions of the organ. It is much less common in cattle, 
in which it is sometimes associated with the presence of wart-like growths. 
In other animals it is of rare occurrence. 

‘Etiology. ‘The dilatation may be fusiform or pada but rarely 
saccular. It usually develops as a secondary effect of stenosis, through 
gradual distension of the cesophageal musculature immediately anterior 
to the stenosis; sometimes in connection with cesophageal occlusion 
(when it may develop in a few days); more rarely in old horses in the 
absence of stenosis, because of loss of elasticity and atrophy of the wall 
of the cesophagus in advanced age. It has also been observed in cases 
of sarcosporidiosis of the cesophageal musculature, and in connection 
with vagus dysfunction. In the latter case there is often hypertrophy 
of the muscles from obstruction of the lumen due to cesophageal spasm 
caused by the dysfunction of the vagus. This form of ectasia may 
extend over considerable areas of the oesophagus. 

Diverticula of the cesophagus may be caused by the pressure ofimpacted 
foreign bodies, food masses or by tumours (diverticulum per pulsionem 
ortum), when they produce a hernia of the mucous membrane, or ceso- 
phagocele (so-called false diverticulum) in which the mucous membrane 
is forced between separated bundles of the muscular layer, or exceptionally 
through congenital clefts. More rarely a portion of the cesophagus is 
drawn outwards by a tumour attached to its external surface, by en- 
larged, but later contracting, lymphatic glands attached to the wall of 
the cesophagus and also to the trachea or to a bronchus, or by contracting 
connective tissue in the neighbourhood (diverticulum per tractionem 
ortum). Diverticula may form short bulgings or longish tubes, and may 
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be connected with the lumen of the cesophagus by wide openings or 
narrow slits. | 

Pathogenesis. At each feed there is a gradual accumulation of 
food and water in the dilated part of the cesophagus, especially in the case 
of a downwards directed diverticulum, so that actual constriction or 
occlusion of the lumen of the cesophagus may occur. 

The distension of the dilated part of the cesophagus by food masses 
creates a sensation of fulness in the oesophagus and causes repeated spas- 
modic contractions of its musculature immediately anterior to the dilata- 
tion, and also in the diverticulum if its wall contains muscle fibres. 
These spasmodic contractions cause pain and after a time expel the 
contents of the dilated portion either towards the stomach or towards the 
pharynx. In the latter case the expulsion is aided by antiperistaltic 
movements above the dilatation, and also by movements of the head and 
neck, as well as by repeated attempts at swallowing. The pressure 
exerted by the dilated oesophagus may cause functional disturbance of 
the neighbouring organs. 

Symptoms. The animal begins to feed, but after a time appears 
satisfied and returns from its manger and makes futile attempts at swallow- 
ing, with lowered head and spasmodic contractions of the neck muscles. 
Sometimes a splashing sound is heard. 

These symptoms are usually more pronounced after feeding on rough 
fodder, but Arlong observed them in an ass and Vennerholm in a dog 
after taking water only. Occasionally the only symptoms observed consist 
in slow feeding and the appearance of a nasal discharge containing 
food particles. Difficulty in deglutition is sometimes accompanied by 
regurgitation of chewed food mixed with saliva and unchanged food 
particles and by nasal discharge. Occasionally undulatory movements 
from the thoracic, to the cervical portions are also exhibited. Horses 
sometimes show slight symptoms of colic. After eventual expulsion of 
the accumulated contents, feeding is resumed. ‘These interruptions 
sometimes occur several times during feeding. Gradual emaciation is 
in evidence even at the primary phase of the condition and may precede 
the symptoms above described; it is proportional to the degree of 
disturbance in deglutition. In ruminants there is also chronic flatulence. 
In the later course of the affection there may be cardiac and respiratory 
symptoms, elicited by pressure on the trachea and large bronchi and 
on the recurrent laryngeal nerve. 

Dilatation in the cervical or anterior thoracic portions of the oesophagus 
gives rise to a round or cylindrical swelling in the left jugular furrow 
(Fig. 6). This may extend to the right side, or more rarely it may be 
noticed only on that side. The swelling is usually doughy, less often hard. 
It gives a tympanitic percussion sound before feeding and increases in 
size after feeding. On pressure it becomes smaller and produces eructation 
of shmy offensive matter containing food particles. 
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Course. With increasing stenosis and loss of power of the muscular 
coat the propulsion of the contents of the dilatation becomes more and 
more incomplete. Interruptions during feeding occur earlier and more 
frequently until the animal eventually ceases to take food or water and 
is forced to remain hungry. At this stage the wall of the dilated portion 
of the cesophagus may become gangrenous or ruptured, giving rise to 
septic inflammation of the connective tissue in the region of the neck or 
of the pleura, accompanied by fever and acceleration of the pulse and 


respiration. 
Dilatation of the cesophagus resulting from obstruction has this in 


Fic. 6.—DILATATION OF CESOPHAGUS IN A HORSE. 


common with stenosis, that when situated in the cervical portion of the 
cesophagus both conditions give rise to a swelling in the jugular furrow. 

Prognosis. In the absence of proper treatment, the condition, 
because it is progressive in character, almost invariably terminates fatally, 
since it leads to severe nutritive disturbance; there is also risk of oesophageal 
rupture and of aspiration pneumonia. 

Diagnosis. The characteristic symptoms suggest the presence of 
dilatation, but a definite diagnosis can be made only when a swelling 
which décreases on pressure is present in the jugular furrow. This 
sign distinguishes the affection from inflammation or abscess of the cervical 
connective tissue (which may also develop in dilatation), also from simple 
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stenosis and oesophageal spasm, while paralysis of the oesophagus is excluded 
by the sudden appearance and short duration of the symptoms. <A point 
of diagnostic importance is the fact that in some cases a sound can be passed 
into the stomach at one time, while at another time it is arrested, depending 
upon whether its end is passed straight along the cesophagus or meets 
with the wall of the ectasia and the food accumulated in it. 

Treatment. When the dilatation‘is situated in the cervical portion, 
resection of a part of the wall may be attempted. Véret obtained 
success by compression of the dilatation after every feed. Others 
have recommended the fixation of pads over the swelling, but these 
eould~ be effective only in very early cases... In ‘all cases the fodder 
should be fluid or mushy; rough or dry food must be avoided. 


7. Animal Parasites of the (sophagus 


Spirocerca sanguinolenta is found in dogs, chiefly in France, Italy, 
China, India, Turkestan, Japan, Tunis and. Brazil. According to Roger, 
10 per cent. of dogs in Japan and 70 per cent. in Tunis are affected. 

Spirocerca is a blood red, filiform worm 3 to 5 cm. long in the male, 6 to 8 cm. in the female. 
It has a short mouth capsule bearing 6 teeth and 6 papilla. The ova are oblong, thick shelled, 
30 to 32 w in length, and contain the coiled embryo. During their development, according to 
Grassi, they are excreted in the feces and sputum and eaten by cockroaches (Blatta s. periplaneta 
orientalis), in which the larve become encapsuled in the abdominal cavity and undergo further 
development. According to Senrat, however, these larve are young forms of Spirura talpe, while 
the Spirocerca larve invade beetles, batrachians, lizards, birds (chickens), hedgehogs and bats, 


in which they cast their skin twice, the third and fourth moultings taking place in the body of 
the dog. 


Ono, in South Manchuria, demonstrated that the dung beetle (Gymnopleurus) and the scara- 
bean form of beetle (Agnax perthenope) were intermediate hosts, as well as the hedgehog, chicken 
and duck, and regarded the larve found in the cockroach as belonging to the Spirure. 

According to Grassi, spirocerca larve can be seen in the cesophageal mucous 
- membrane 2 weeks after infection through the ingestion of an intermediate 
host. After migrating backwards from the stomach to the cesophagus they 
penetrate the mucous membrane and give rise to the formation of fan-shaped 
nodules the size of a hazel nut or larger, with a small opening at the apex and 
containing pus in which as many as 20 worms may be imbedded. Some of 
the worms may remain in the stomach, while others enter the lymph and blood 
stream and lodge in the walls of the aorta, lung, and bronchi (proved experi- 
mentally by Ono in dogs and rabbits). According to Roger, the worms form 
a toxin which is neurotoxic. 

In some cases symptoms are absent, but in others there are digestive dis- 
turbances, difficulty and pain in swallowing, eructation and vomiting, ‘‘ empty 
deglutition,’’ dry cough, asphyxial attacks, emaciation, occasionally nervous 
disturbances, and symptoms similar to rabies, but without paralysis. Severe 
cases may be slowly fatal or may terminate suddenly from rupture of the aorta. 

Diagnosis is only possible by microscopic examination of the feces for 
the ova, or of the sputum for adult worms. Suchanck diagnosed worm nodules 
by means of the X-rays and the vwesophagoscope. 

Treatment is only symptomatic. Prophylaxis consists in preventing the 
ingestion of cockroaches and other intermediate hosts. 

Gongylonema scutatum occurs in cattle and occasionally in the sheep, 
horse, zebra and goat. Usually several markedly tortuous specimens are 
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found lying in the longitudinal axis of the cesophagus. The worm is 4 to 14 cm. 
in length, and its larva lives encapsuled in various species of dung beetles. 
Chapin found G. ransomi in swine in America. 
Filaria gastrophila is found in the terminal portion of the cesophagus 
in cats. 
3 Hypoderma larvz are found in the summer and winter months in the 
pericesophageal connective tissue in cattle. ‘They sometimes give rise to hemor- 
rhagic infiltration of the wall of the cesophagus, and occasionally to inflam- 
mation. 
Sarcosporidiosis of the cesophagus appears to cause no disturbance of 
health, but some observers associate it with certain forms of cesophageal dilata- 
tion. . 


8. Diseases of the Crop in Poultry 
(a) Catarrh of the Crop (Ingluviitis) 


‘Etiology. Catarrh of the crop develops as a primary affection 
after abrasion of the mucous membrane from ingestion of pointed foreign 
bodies, or rough food which has remained a long time in the crop, 
or highly fermentescible material. Sometimes it is caused by ingestion 
of fermenting or putrefying substances (draff, distiller’s mash, carrion), 
by irritating acids or lyes contaminating drinking water, etc. In 
pigeons of both sexes too early removal of the young birds often causes 
catarrh of the crop through decomposition of the so-called crop milk, 
which is formed in the parent birds during the breeding season by fatty 
degeneration of the proliferated epithelium, and which serves as nourish- 
ment forthe young. Degen observed croupous inflammation of the crop 
in geese due to corn-cockle poisoning. 

Catarrh of the crop occurs as a secondary condition to the presence 
of animal parasites and thrush, or as the result of atony of the crop 
muscles in avitaminosis, with fermentation and putrefaction of the 
food retained in the crop. | 

Symptoms. These commence with loss of appetite, lassitude, 
frequent stretching of the neck and difficulty in swallowing. The 
crop is distended and tender to pressure, feels soft on palpation (‘ soft 
crop’) and gives a tympanitic note on percussion. ‘There is frequent 
swinging of the head, and sometimes an offensive discharge from the 
beak or the nostrils and an escape of putrid gas from the beak, elicited 
by pressure on the crop. In the crop catarrh of pigeons during 
the breeding season the crop feels hard and slightly enlarged owing to 
the proliferation of the epithelium and the inflammatory exudation 
in the tissues. It therefore resembles the clinical picture of “ hard 
crop.” 

Owing to the functional incapacity of the crop, digestive disturbances 
take place in the stomach through vegetable enzymes and chemical 
changes, resulting in fermentation and putrefaction of its food contents. 
This leads to emaciation and gradual loss of strength, which may have 
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a fatal result. In prolonged cases, or after several relapses, a condition 
of pendulous crop may result from dilatation of its cavity. 

Treatment. The contents of the crop are evacuated by kneading 
and stroking movements directed towards the beak, during which the 
bird’s head is held downwards. After this, weak antiseptics (2 per cent. 
boric acid or 1 per cent. sulphate of iron) and astringent fluids ($ per 
cent. tannin, lemon juice) are administered by teaspoon. Peppermint 
water or fennel water with the addition of 1 per cent. hyUrochloric 
acid are also useful. A 1 in 1,000 solution of salicylic acid may be given 
to drink. After fasting for a whole day the bird is allowed food in 
small quantities. 

In obstinate cases irrigation of the crop may be performed, In 
some cases incision of the crop is necessary, especially in pendulous 
crop. Crop catarrh in pigeons due to the death or premature removal 
of their young is soon cured by substituting other young squabs, or by 
fasting the affected birds for a few days and giving only water containing 
small quantities of acetic or salicylic acid. In avitaminotic catarrh of 
the crop, the addition of yeast to the fodder will-cause it to subside in 
24 hours. In parasitic crop catarrh vermicides are indicated (see 
Parasites of the Crop). 


‘(b) Obstruction of the Crop (Obstructio ingluviei) 


Etiology. Obstruction of the crop is often due to overfeeding 
with dry grain (millet, barley, oats, maize, peas, pumpkin seeds, wild 
grapes). It occurs most commonly at the beginning of harvest time, 
especially in chickens, which are more liable to this affection than are 
adult birds. Bearded barley and unthreshed oats are especially harmful 


to geese and ducks, particularly when water is not readily available, 


also the ingestion of large quantities of chaff and bran, especially after a 
previously restricted diet (according to Eber this was common during the 
first world war). An excess of pulpy food may also cause obstruction 
of the crop by causing relaxation of its wall, especially in chickens, which 
are naturally grain-eating birds. Ducks and geese, less often chickens, 
are liable to obstruction after eating large quantities of dry grass, 
which forms balls filling the crop. This occurs chiefly in spring 
and. autumn (Eber). In ducks, and also in swans, Hébrant and 
Antoine observed many cases of obstruction of the crop, often associated 
with obstruction of the glandular and muscular portions of the stomach 
by hard and woody parts of plants, especially in the winter. Water 


plants (Chara, Cynodon, Triticum repens, Carex) and also Ailanthus glandulosa 


may act in the same way, while young pheasants sometimes suffer from 
crop obstruction from eating insect larve. Not infrequently obstruction 
of the crop is caused by swallowing foreign bodies (pieces of metal, 


large stones, pieces of glass and bone, egg shells); sometimes by 
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unusually large pieces of food (potatoes, carrots and turnips, potato 
and apple peelings, etc.), unminced sausage skins, slaughter offal, 
viscera of slaughtered poultry and rabbits. Occasionally the con- 
dition arises as the result of the formation in the crop of phyto- 
bezoars (food balls). In a case of obstruction of the crop in a pigeon 
the condition was 
caused by rupture of 
a caseous focus in the 
trachea into the ceso- 
phagus. In some cases 
obstruction may be 
caused by animal para- 
ee sites, and exception- 
el ee 5 ¢ ally by tumours of the 
oe crop. Lészlo observed 
=, ‘many fatal cases of 
Soe obstruction from hair 
balls, due to the in- 
gestion of the bristles 
of a slaughtered pig. 
In one cock a loosely 
constructed rounded 
pilibezoar (hair ball) 
5 cm. in diameter de- 
veloped in the course 
of 3 months. 
Symptoms. These 
commence with lassi- 
tude and_ frequent 
opening of the beak, 
sometimes with the 
discharge of malodor- 
ous fluid. Loss of ap- 
petite occurs from the 
firsts Or elaversaiieethe 
obstruction is due to a 
Fic. 7.—FoREIGN Bopirs IN THE Crop oF A HEN. foreign body. Hebrant 
(a) Metal buttons in crop; (5) trachea; (c) cervical vertebra; and Antoine observed 
(¢) lung (skiagram). frequent ingestion of 
for-eu.¢ ns boditsscim 
water-fowl. ‘The wall of the distended crop is tense and elastic, 
and of doughy or hard consistence (so-called hard crop), according 
to the nature of the accumulated fodder and the amount of gas 
produced in it. Foreign bodies. in the crop can be detected by 
palpation of the thin wall or by X-ray examination (Fig. 7). 
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Tumours of the crop can be felt as smooth or uneven, connected 
masses. 

Course. Obstruction of the crop rarely disappears without treat- 
ment. When untreated, chickens usually die from inanition and 
exhaustion in a few days or from the toxic effects of absorbed products 
of decomposition (Brieg reported the case of 30 chickens which died 
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(a) Two metal buttons in the glandular stomach; (5) several metal buttons in the gizzard; 
(c) lung; (d) air sac (skiagram). 


after feeding with fresh wheat). Water-fowl, on the other hand, die 
from suffocation in a few hours, because of the fact that in these the 
fusiform or saccular dilation of the cesophagus produced by the tensely 
distended crop causes pressure on the trachea and large bloodvessels. 
In some cases inflammation of the lung may ensue from the aspiration 
of food. Sometimes rupture or perforation of the crop occurs. 
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Treatment. If the contents of the crop are not too hard they can 
be displaced by massage and kneading towards the beak, with the aid, 
it may be, of irrigation. In “hard crop” or when massage has failed 
incision of the crop becomes necessary. In order to prevent the condi- 
tion, offal of animal origin should be given only when boiled and 
minced, and dry fodder only in moderate quantities. In winter, 
spring and late autumn, and when there is scarcity of fodder, suitable 
additions must be made to the diet. 


Incision of the Crop is a comparatively simple procedure and free from danger, except 
in the case of pigeons. After removal of the feathers for about 2 fingers’ breadth a longitudinal 
incision is made about 1 to 14 cm. long in the middle line of the neck. Small pieces can be com- 
pletely removed through the incision by kneading, larger pieces by means of forceps. The 
wound is then irrigated and sutured. ‘The sutures can be removed in 5 to 7 days. On the first 
day after the operation the bird should be given only stale white bread soaked in claret; 
after 36 hours water may be allowed ad libitum, but only small quantities of soft food should be 
offered. 


(c) Animal Parasites in the Crop 


In the cock, Gong ylonema ingluvicola (female 32 to 55 mm. long, ova 50 to 57 p 
long, 36 to 38 » wide, with a mobile embryo) is found in America, Asia and 
Europe; G. crami (40 to 56 mm. long, ova 55X35 p») in the island of Iona. 
Capillaria annulata (Trichosoma strumosum, Tr. delicatissimum, Calodium annulatum, 
Eucoleus strumosus) is found in partridges and pheasants and causes symptoms 
and tissue changes similar to those caused by Cap. contorta in water-fowl, 
with the exception that obstruction with dilatation of the crop may persist, 
while in domestic cocks there is no serious disturbance of health (Ciurca). 
Diagnosis can be made only by microscopic examination for the characteristic 
lemon-shaped ova in the scrapings from the pharyngeal mucous membrane, 
in the washings from the crop, or in the feces. ‘The curative and preventive 
treatment is the same as that for water-fowl (vide infra). In the turkey, Capil- 
laria perforans (ova 41 to 51X21 to 25 ») causes marked tissue reaction after 
penetrating to the deeper layers of the mucous membrane. Cram, and also 
Hung, found inflammatory changes, fibrin deposits and small white nodules 
caused by the presence of C. annulata, while Zungherr has described an epizootic 
disease of the crop in young turkeys which was due to this worm. 

Water-fowl (geese, ducks, swans) sometimes harbour in their crops 
Acnaria (Echinuria) uncinata, which causes an affection of the stomach (q.v.). 
Capillaria contorta (Trichosomum contortum) infect ducks and geese. ‘The female 
measures 28 mm., the male 15 mm., and the ova measure 58 to 62 X 23 to 25 p. 
‘The worms burrow into the mucous membrane and give rise to inflammation 
associated with fibrinous deposit. ‘The symptoms are those of severe catarrh 
of the crop, rapid emaciation, drowsiness, sometimes epileptiform attacks. 
In the course of 5 to 10 days obstruction and dilatation of the crop develop 
and death follows after 1 or 2 days. Diagnosis depends on microscopic examina- 
tion for the ova in the contents of the crop or in the feces. ‘Treatment by sub- 
stitution of + per cent. carbolic acid solution for drinking water and feeding 
with pulpy food is not very efficacious. More beneficial response may be ob- 
tained by the administration of anthelmintics, especially carbon tetrachloride 
in doses of 1-5 grammes (see also Diseases of the Stomach). 


SECTION V 
DISEASES OF THE STOMACH AND INTESTINES 


1. Vomiting (Emesis) 


VOMITING consists in evacuation of the stomach contents through 
the mouth or nose, accompanied by evidence of nausea. It is due 
either to direct irritation of the vomiting centre in the medulla oblongata 
(central vomiting), or more frequently to a reflex stimulation of this 
centre (reflex vomiting). In birds a similar process is manifested by 
evacuation of the contents of the crop by vigorous movements of the 
head and neck. [Vomiting in the dog is merely a symptom and should 
not in itself be regarded as a condition of disease.—Ed. | 

Etiology. In domestic animals vomiting is always of pathological 
significance and occurs most frequently as reflex vomiting, particularly 
in the course of certain affections of the stomach and intestines, es- 
pecially in overloading of the stomach (chiefly in swine and carnivora, 
occasionally, but much more rarely, in cattle). It is also caused by 
irritation of the gastric mucous membrane by coarse or sharp foodstuffs 
—in cattle by green lucerne, in sheep by Dugaldia hoopesii, Gaigoria 
passerinoides (vomiting sickness), Rhododendron and Yew; also by caustic 
drugs and emetics, and in inflammatory diseases of the stomach, 
either primary or secondary to acute infectious diseases (swine erysipelas, 
dog distemper, fowl cholera); also by parasitic worms in the stomach 
and by gastric ulcers. Other causes of vomiting are injuries to the 
gastric mucous membrane by foreign bodies (in carnivora, cattle and 
swine), stenosis or occlusion of the pylorus by foreign bodies or tumours, 
and in ruminants obstruction of the communications between the 
compartments of the stomach.’ In animals with unilocular stomachs, 
vomiting may be caused by pressure on the stomach from adjacent 
tumours. In horses vomiting occasionally occurs after excessive 
ingestion of water; Deli observed an enzootic of such vomiting after 
drinking water from swamps. In prolonged confinement to stalls, 
cases of vomiting are sometimes observed without any apparent cause 
and often without any special digestive disturbances, [The occur- 
rence of vomiting in the horse almost invariably indicates a serious 
condition of disease; it is very frequently associated with rupture of the: 
- stomach.—Ed. | | 

Reflex Vomiting in herbivorous animals and swine occurs in intestinal 
obstruction; in horses and cattle in cases associated with secondary 

61 


62 DISEASES OF DOMESTIC ANIMALS 


dilatation of the stomach. In these cases the intestinal contents regur- 
gitate into the stomach, and in displacement of the intestine the sensory 
nerve endings in the peritoneum are irritated, as in acute peritonitis, 
which in cattle is often caused by the penetration of foreign bodies 
through the stomach wall. Diseases of the liver produce vomiting in 
herbivora and swine only when the stomach or peritoneum is involved. 
Whether affections of the female generative organs cause vomiting in the 
absence of involvement of the peritoneum is uncertain. Bissauge ob- 
served vomiting in a cow suffering from prolapse of the vagina, but this 
may have been due to the fact that, as part of the after-treatment of the 
case, the posterior part of the body had been raised, because the vomiting 
ceased when the animal was placed in a normal position. | 

Irritability of the pharyngeal mucous membrane sometimes causes 
vomiting in swine and herbivora, especially in cases of pharyngitis due to 
impaction of foreign bodies, and also in spasmodic coughing. According 
to Dash, repeated vomiting often occurs in bulldogs during feeding 
(especially with coarse food or with food to which bones have been added) 
owing to the irritability of the pharyngeal mucous membrane in these 
animals. Occasionally deep-seated inflammation of the oesophagus 
is accompanied by vomiting. In most affections of the cesophagus 
vomiting is more apparent than real, and consists in the regurgitation 
of chewed food without participation of the abdominal muscles. 
Pressure on the vagus nerve by tuberculous mediastinal lymphatic 
glands may give rise to repeated vomiting in cattle. 

In fowls rejection of the contents of the crop may be caused by catarrh 
or obstruction. 

Central Vomiting occurs after injuries and in some diseases of the 
brain, especially those associated with lesions in the region: of the 
medulla oblongata; also in the course of uremia and cholemia and after 
the administration of certain drugs (veratrine, apomorphine, arecoline, 
chloroform). Sea-sickness, seen in horses during transportation by sea, 
may have a similar origin. 

The ability to vomit varies in different species of animals and also in 
different individuals. Vomiting occurs most readily in dogs and cats, 
then in swine and domestic poultry (evacuation of the crop contents). 
Herbivora are much less capable of vomiting, and least of all horses. 
According to Miller, vomiting is not observed in rabbits, but Braun 
states that it may occur. 


These differences are usually attributed to the different anatomical relations of the stomach 
and oesophagus. In single-hoofed animals especially the oblique opening of the cesophagus 
into the stomach, its thick muscular layer, the presence of a sphincter.and strong muscular 
sheath at the cardia, the formation of a valvular fold of the mucous membrane which closes 
the cardia when the stomach is full, the fact that the wide and patent pylorus lies near the cardia, 
and lastly the small size of the stomach, have all been regarded as factors in preventing vomiting. 
These factors, however, are uncontrolled by the differences in irritability of the vomiting centre 
or its afferent nerves. ‘The mechanical obstructions to vomiting can only impede the evacuation 
of the stomach contents, and do not interfere with the external manifestations, such as eructation, 
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which are due to reflex action, and which frequently occur in animals of all species. 
Belching is often pronounced in animals which vomit with difficulty, while the mechanical 
obstructions must be the same both in belching and vomiting. Again, the ease with which food 
is rejected for further mastication in ruminants is in direct contrast with the difficulty and com- 
parative rarity of vomiting in these animals. ‘The variations in irritability of the vomiting 
centre must have developed gradually in the course of phylogeny under the influence of different 
conditions of life affecting different species of animals. 

Symptoms. Vomiting is usually preceded by certain  pro- 
dromal symptoms: nausea, restlessness, movements of the tongue and 
“empty swallowing,” eructations, salivation and changes in respiration. 
Dogs, cats and swine vomit without any special effort and evacuate 
part of the stomach contents through the mouth with the head extended 
and lowered. Cattle vomit with great effort. The animal hes down 
and stands up again, withdraws from the manger, trembles, places 
its forelegs together, arches its back, lows painfully and breathes deeply, 
after which the fluid or pulpy contents of the rumen are evacuated 
through the open mouth, rarely through the nose, with strong con- 
tractions of the abdominal muscles. Usually large quantities: (10 litres 
or more) are vomited at once. Horses exhibit anxiety and unrest, 
they .tremble and sweat over the whole body, and _ the facial 
expression 1s staring; soon they place the legs together, retract the 
head and bend the neck with strong, contractions of the neck muscles; 
at the same time there is a strong contraction of the abdominal muscles, 
during which the animal groans or utters a squeal, followed by evacua- 
tion of the stomach contents through the nose and a greenish fluid 
mixed with saliva from the mouth. 

Vomiting is often repeated several times and may continue for 
hours, especially in cases of gastritis, intestinal obstruction, peritonitis, 
and many diseases of the nervous system. In these cases the animal 
is more or less exhausted. 

The vomit in horses nearly always consists of partially masticated 
fodder, sometimes mixed with mucus or blood with a sour odour 
and acid reaction. Ruminants eject only the contents of the rumen, 
which are recognised by their peculiar odour (except in sucklings, when 
evacuation of the abomasum is possible). In carnivora and omnivora 
the vomit also consists of food particles, but after repeated vomiting 
or its occurrence on an empty stomach only a mucoid, watery 
fluid or tenacious mucus is evacuated, which may be of a greenish 
or brownish colour through admixture with bile resulting from spasmodic 
contractions of the stomach and duodenum. In birds the expulsion 
of the contents of the crop is accompanied by swinging movements of 
the head. 

Hemorrhagic vomiting (vomitus cruentus) occurs in inflammation 
and ulceration of the stomach, disintegrating gastric tumours, or after 
injuries to the stomach. Blood may also be mixed with the stomach 
contents in the pharynx or buccal cavity. In overloading of the stomach 
with blood, carnivorous animals vomit masses of coagulated blood. 
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Pus and animal parasites are seldom found in the vomit. Fecal vomiting 
(ileus, ‘‘miserere met’) in carnivora is recognised by the vomit possessing 
the peculiar colour and odour of the contents of the posterior portion of 
the small intestine or of the colon. The absence of a sour odour may 
only arouse a suspicion of fecal vomiting. In horses with secondary 
‘dilatation of the stomach, the vomit often resembles the contents of 
the small intestine. In some intoxications (phosphorus, hydrocyanic 
acid, carbolic acid) the characteristic odour of the poison can be recog- 
nised in the vomit. The vomit in animals with a unilocular stomach 
is distinguished from apparent vomiting by the presence of free hydro- 
chloric acid (phloroglucin-vanillin, methyl violet, tropeolin and Congo 
paper tests). Dehne observed in an otherwise healthy cow a peculiar 
form of rumination, in which the animal allowed the masticated food 
to drop from the mouth, but ate it again when it had _ finished 
ruminating. | | 

Nausea sometimes leads only to retching (vomiturition), in which 
the animal shows symptoms of vomiting without expulsion of the stomach 
contents. Belching or eructation is in ruminants only a physiological 
phenomenon, which, however, becomes more frequent in pathological 
conditions such as flatulence, when it is accompanied by the expulsion 
of offensive gases. In other animals retching is always a sign of fer- 
mentation in the stomach or of gastric distension. 

The significance of vomiting depends on the cause and upon the 
underlying condition. As a rule it is most unfavourable in horses, in 
which it occurs in the course of dangerous affections of the stomach 
(excessive dilatation, severe inflammation and partial rupture of the 
stomach, etc.) or from irritation of the gastric nerves, and in which 
aspiration pneumonia is comparatively frequent. Occasionally the 
vomited matter causes suffocation by entering the larynx, and in 
horses by occluding the nasal passages. 

Treatment. Except in horses, vomiting following. overloading of 
the stomach or after poisoning is beneficial by relieving the stomach of 
noxious material. In such cases, therefore,. attempts should not be 
made to arrest it, but, if considered desirable, to assist it by the adminis- 
tration of emetics—e.g., apomorphine—and to check it only when it has 
become too frequent or distressing. 

In other conditions vomiting should be controlled by the oral adminis- 
tration of crushed ice (cold compresses on the stomach in small animals) - 
and the administration of narcotics—e.g., chloral hydrate per rectum, 
morphine subcutaneously. In cattle Bissauge had good results with 
camphor (8 grammes with 2 yolks of eggs in 2 litres of water). Pozajic 
relieved vomiting of 4 days’ duration by giving two doses of 30 grammes 
chloral hydrate in camomile tea with 30 grammes gum arabic shortly 
before feeding. Vomiting in dogs can sometimes be arrested by giving 
them black coffee. In one case Holterbach stopped vomiting in a dog 
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by giving it tablets of 6 mg. yohimbine hydrochloride. Aromatic drugs 
such as camomile tea, also ether or ether with alcohol, may be given, 
and carbonic acid producing drugs, such as sodium bicarbonate, and in 
pet animals champagne. Wright recommends very small doses of 
chlorates for the dog. 

In vomiting in horses part of the gastric contents should be removed 
by the stomach tube (see Acute Dilatation of the Stomach). 


2. Diseases of the Fore-Stomachs of Ruminants (Rumen, 
Reticulum, Omasum)_ 


Physiology. The innervation of the different sections of the stomach 
is effected by the autonomic nerve plexus in the stomach wall similar 
to Auerbach’s plexus in the intestines. This nervous mechanism is 
stimulated, among other means, by expansion and other mechanical 
stimuli produced by the stomach contents, whereby the separate 
functions of the individual parts of the stomach are performed and 
co-ordination between them is maintained. Consequently, movements 
of one part of the stomach influence those of the other parts, and cessa- 
tion of movement in one portion 1s immediately followed by quiescence 
of the other portions. The autonomic nervous system in the wall of 
the stomach is regulated by the vagus and the sympathetic mechanisms, 
the former being motor and the latter inhibitory. 

According to recent investigations (Wester and others), spontaneous 
contractions of the reticulum take place at regular intervals of once or 
twice a minute. These contractions rapidly reduce the reticulum to 
4 or § of its size and are directed slightly towards the cardia. They 


are immediately followed by relaxation, so that the viscus is enlarged 
to % or 2 of its circumference, and this is immediately succeeded by 
a powerful contraction, almost obliterating its cavity and directed 
entirely towards the cardia; this is followed by complete relaxation. 
During this process there is an alternating action of the movements 


of the rumen and reticulum, with reciprocal expulsion of their con- 


tents, so that, simultaneously with each contraction of the reticulum, 


the rumen relaxes and most of the contents of the reticulum are dis- 
charged into it, and at each contraction of the rumen (the reticulum 
being relaxed) its contents are returned to the reticulum by undulatory 
movement. As the result of the second and powerful contraction of 
the reticulum, by which its lumen is almost entirely obliterated, its 
contents are directly expelled into the dorsal sac of the rumen, and 
the ingesta, firstly the fluid part, then enter the relaxed ventral sac, 
and thence are returned to the now relaxed dorsal sac and into the 
reticulum. When part of the contents of the rumen are discharged 
into the relaxed reticulum they give rise to a gurgling sound, caused 
VOL,.11. , 5 
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by the movements of the rumen, and heard at the lower end of the 
sixth and seventh ribs behind the border of the lung. The presence 
or absence of this sign is of little diagnostic importance. After this, 
there is a further contraction of the ventral sac, which takes place 
in about 30 seconds. ‘The contractions of the dorsal and ventral sacs 
of the rumen also are alternating. At the time of the second contraction 
of the rumen and reticulum the omasum relaxes and its lumen enlarges; 
at the same time the sphincter muscle at the reticulo-omasal orifice 
relaxes, whereby the suction action of the expanded omasum withdraws 
fluid contents from the reticulum. Although capable of this suction 
action, the omasum has apparently but little power of contraction. 
The movements of the abomasum resemble those of a unilocular 
stomach, but are less powerful and consist in peristaltic movements 
directed towards the pylorus. ‘The contents of the abomasum consist 
of more or less homogeneous dilute pulpy matter. 

In ruminants, the direct function of the fore-stomachs in digestion is 
exclusively motor and physical, and is chiefly concerned with the pro- 
cesses of mixing, softening, kneading, dissolving and extracting food- 
stuffs in the separate compartments, and also in effecting their eventual 
propulsion towards the gut. 

In regard to the movements of food masses after deglutition, recent 
research has established that in sucklings the powerful sucking move- 
ments which occur during the ingestion of fluid stimulate the nerve 
endings of the vagus in the pharyngeal mucous membrane and cause 
reflex influences, which are transmitted to the omasum and from there 
to the abomasum, in which they regulate functional activity. In animals 
up to a year old increasing quantities of food can enter the rumen and 
reticulum; in animals over a year old, in which the reflex action of the 
cesophageal groove is less perfect, fluids enter chiefly the rumen and 
reticulum, although more or less of the fluid may pass directly to the 
abomasum. It has been experimentally shown by Wester and others 
that the cesophageal groove reflex from the pharyngeal mucosa is excited 
by certain specific fluids, such as warm solutions of sodium chloride 1 per 
cent., sodium bicarbonate 10 per cent., sodium sulphate 5 per cent.; also 
by 1 per cent. copper sulphate solution, and less regularly by 5 per cent. 
cane-sugar solution, milk or blood serum in quantities of 100 to 200 c.c., 
and thus a direct communication is effected between the cesophagus 
through the cesophageal groove and the omasum and abomasum, so that 
such fluids by oral administration act as a means of transport for those 
drugs for which the direct passage to the abomasum is desired; but the 
observations of Ross on this matter do not wholly confirm those of Wester. 
The direct introduction of fluids into the abomasum is not infrequently 
prevented by counteracting factors (possibly the presence of semi-solid 
and gas-forming ingesta in the rumen and reticulum), and therefore 
is not always obtainable. Fluid, swallowed in very small quantities, — 
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often passes directly to the abomasum, while fluids introduced by the 
stomach tube (according to Trautmann) always pass into the rumen 
and reticulum, owing to short-circuiting of the mechanism of degluti- 
tion. The same occurs in very young animals in the presence of over- 
loading of the abomasum by excessive quantities of fluid or in coughing 
during swallowing. On the other hand, in calves, even vegetable food 
may enter directly the omasum and abomasum by way of the ceso- 
phageal groove, which functions vigorously in these young animals. 

In the phenomenon of rumination the primary phase (according to 
Stigler) commences as a rule with the swallowing of saliva, usually 
associated with a rapid contraction of the buccal section of the pharynx, 
followed directly afterwards by closure of the glottis and a backward 
inspiratory contraction of the diaphragm, whereby the resulting diminu- 
tion of intrathoracic pressure causes the thoracic oesophagus to dilate, 
and consequently to produce a negative pressure within it. In this 
way suction is produced. Simultaneously there occurs contraction 
of the reticulum towards the cardia; the cardiac orifice opens, and a 
column of ingesta is sucked up the cesophagus. ‘This process is directly 
followed by the secondary expulsive phase, in which the glottis remains 
closed, the diaphragm is relaxed, and an expiratory contraction of the 
whole thoracic and abdominal muscles takes place. In this way the 
resulting increase of intrathoracic pressure and the antiperistaltic 
action of the cesophagus, commencing at the now closed cardia, causes 
expulsion of the mass of ingesta into the buccal cavity. Abdominal 
contraction aids this phase, but is not essential to it. Simultaneously 
with the arrival of the food in the mouth (sometimes shortly before this) 
the fluid portion passes backwards into the stomach, owing to peri- 
staltic movements of the cesophagus and simultaneous opening of the 
cardia. According to Wester, the suction action 1s caused by shortening 
and dilatation of the thoracic cesophagus with simultaneous relaxation 
of its muscular sheath where it passes through the diaphragm. In 
regurgitation there are antiperistaltic contractions of the cesophagus, 
which appear to be assisted by the abdominal muscles. Ruminated 
food is normally returned into the first two fore-stomachs, but finely 
divided and very soft food particles may be transported directly to the 
omasum. Subsequently the ruminated food, as a rule, passes from 
the reticulum in a finely divided state through the narrow reticulo- 
omasal orifice, aided by the suction action produced by the periodical 
expansion of the omasum. Generally speaking, the more fluid in 
consistency the ingesta, the more rapid will be its passage to the 
abomasum. 

In the process of digestion the fore-stomachs play only an inter- 
mediate part, in so far as, by the action of the swallowed saliva, the 
amylases in vegetable fodder and the presence of bacteria, fermenta- 
tive fungi and rumenal infusoria, the cleavage of carbohydrates is 
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effected, with the formation of glucose ‘and products of fermentation 
(such as lactic, butyric and acetic acids, large amounts of carbonic 
acid and methane); also, by means of certain bacteria and fungi 
present in the contents of the fore-stomachs, the digestion of cellulose 
is accomplished (decomposition into carbonic acid, fatty acids and 
other cleavage products, as in the digestion of starch). Also, diges- 
tion of proteins takes place in the fore-stomachs by proteolytic ferments 
in the food and by micro-organisms. 

Trautmann states that the rumen, reticulum and omasum are 
capable of rapidly absorbing water and aqueous solutions. His con- 
clusions, which are based on experimental evidence, are in sharp con- 
trast to the general belief that the fore-stomachs possess little or no 
absorptive action. 


Classification of Diseases of the Fore-Stomachs 


Owing to the remarkable development of the stratum corneum 
of the epithelium and the absence of glands, diseases associated with 
tissue changes seldom occur in the fore-stomachs. Affections of these 
organs consist chiefly in functional disturbances of their motor activities, 
which affect the mixing, softening, cleavage and fermentation of food 
material. For practical purposes, these affections may be classified 
as follows: 


(a) Impaction of the Rumen, Dilatation of the Rumen 
(Dilatatio Acuta Ruminis ab Ingestis) 


(Acute indigestion ; acute dyspepsia) 


By dilatation of the rumen is understood overfilling and distension 
of the rumen by an excessive amount of dry or hard food matter, 
which diminishes or completely abolishes its, at first, intensified 
contractions. 

Etiology. The condition is usually caused by the ingestion of 
unusually large quantities of fodder, when the animals are liberally 
supplied with palatable hay, green fodder, meal or grain, or when they 
break loose and feed greedily till the stomach has become overloaded. 
It can arise from the custom which obtains in some countries of over- 
feeding animals to be sold for slaughter in order to increase their 
weight. Again, animals may overfeed when turned out to rich pasture- 
land, especially if for some time previously they have been fed sparingly 
in the manger; also when given inferior, dry or unsuitably prepared 
fodder (chaff, straw, coarse clover-hay, etc.), the low nutritive value of 
which causes the animals to eat excessive quantities. Turnips, turnip 
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leaves, boiled and mushy potatoes, kitchen garbage, husks of various 
kinds, and mouldy or frozen food may also act as causes. In sheep 
it may arise from pasturing on wheat and rye stubble. 

Sometimes there are predisposing causes, such as bodily debility, 
prolonged confinement in stalls, the ingestion of cold water, impairment 
of rumination through overexertion directly after feeding, and a sudden 
change from green to dry fodder, especially if a sufficient supply of 
water be not provided. 

Pathogenesis. Any of the above-mentioned causes produces a 
disproportion between the quantity and weight of the ingested food 
on the one hand, and the functional capacity of the rumen on the other 
hand. This results in less effective movement and mixing of food 
material, in spite of the increased contractions of the rumen to which 
its distension at first gives rise. The stagnant food masses swell, 
become softened and ferment; in the case of dry fodder there may 
be little or no gas formation. In consequence of the rapidly increasing 
expansion-irritation there is a further increase of the contractions of 
the rumen, which occasionally become spasmodic and give rise to ab- 
dominal pain. In mild cases the stagnant contents become gradually 
removed and the pathological condition is relieved. In excessive 
overloading the contractions of the rumen are incapable of moving 
its. contents; even the escape of gases may be prevented by the 
masses of ingesta obstructing the cesophageal orifice. Under these con- 
ditions there develops a gradual paresis of the overextended musculature 
of the rumen. Along with the dilatation of the rumen, disturbances 
of respiration and circulation take place. In some cases decomposition 
of the ingesta may cause the formation of toxic and irritant substances, 
resulting in local inflammatory processes, and if toxic substances reach 
the intestine, in general toxemia also. 

Anatomical Changes. The abdomen appears much distended, 
the diaphragm is pressed forwards, and the dilated rumen contains 
unusually large quantities of food with an offensive odour and a variable 
amount of gases. There may also be signs of death from asphyxia. 
When the condition has existed for some time the omasum contains 
desiccated masses of food and the mucous membrane of the rumen and 
other divisions of the stomach show diffuse redness or punctiform hemor- 
rhages. 

Symptoms. The animal shows general malaise by withdrawing 
from its stall, placing its feet under the abdomen, arching its back and 
staring fixedly. Sometimes it manifests signs of colic by looking round 
at its abdomen and striking at it with its horns or feet, switching its tail, 
groaning and frequently lying down. Groaning is particularly in 
evidence when rising or lying down. 
| Appetite and rumination are diminished in mild cases, but 

in more severe cases are suppressed from the first. Thirst is seldom 
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increased. Sometimes there is “empty swallowing” and _ salivation, 
eructation of offensive gases, regurgitation and even vomiting. 

The left flank, instead of being depressed as seen when the stomach is 
comparatively empty, is distended. Later or in cases of excessive over- 
filling the whole abdomen 1s enlarged, especially on the left side. The 
rumen feels doughy, firm or hard as a stone; this is more definite on rectal 
examination. ‘The animal avoids pressure on the left flank, and this 
region is from the first dull to percussion. In distension with fermentable 
food matter the flank feels tense and elastic and gives a tympanitic note 
on percussion, and on deep palpation may reveal the presence of firm 
masses of food in the rumen. The movements and sounds of the 
rumen are diminished or entirely absent. Ata later stage there may be 
constipation, or acute intestinal catarrh with diarrhoea in cases in which 
the distension is due to feeding on succulent substances, such as turnips, 
turnip leaves, etc. According to the degree of expansion of the rumen 
there are symptoms of dyspnoea and acceleration of the pulse, and in 
cows a diminution in the secretion of milk. In some cases there is 
staggering gait and inability to stand. Exceptionally a clinical picture 
resembling that of milk fever is observed. [In a number of cases of 
impaction of the rumen the condition has been found to be associated 
with some degree of hypocalcemia.—ED. | 

Course. The affection may appear directly or within 12 hours 
after the ingestion of food, slowly reaching a climax, according 
to the nature of the food concerned. The ingestion of readily 
fermentable food may give rise to the rapid development of acute 
tympanites. 

The affection usually terminates in recovery. Mild cases may even 
recover without any special treatment in 1 or 2 days, more severe cases 
in 3 to 10 days or more, while exceptionally severe cases may recover 
quickly if the condition be relieved by vomiting. Improvement is in- 
dicated by the return of appetite and rumination and movements of the 
rumen, also by frequent belching and the passage of abundant feces. A 
fatal issue is comparatively rare when suitable treatment is applied. 
In sheep, however, deaths may be numerous after pasturing on wheat 
stubble. In fatal cases the cattle may die from increasing dilatation 
within a few hours after the onset; sheep may die almost suddenly 
after a very short and rapidly progressive course after feeding on hard, 
dry meal or boiled potatoes, or the course may continue throughout 
several days, or death may result from gastritis or inanition after a 
course of several weeks. 

Diagnosis. ‘The appearance of the affection shortly after ingestion 
of a large quantity of fodder, the enlargement of the abdomen, especially 
on the left side, the hard consistence of the rumen and its dulness to 
percussion are characteristic, and, together with the usually less acute 
onset, distinguish impaction of the rumen from acute meteorism. 
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Atony of the fore-stomachs develops quite gradually, pursues an inter- 
mittent course without colic, and results in the rumen becoming com- 
pletely filled with ingesta. ‘Traumatic gastritis commences sometimes with 
symptoms similar to those of dilatation of the rumen, but is differen- 
tiated by the history, the tenderness over the xyphoid cartilage, the 
obstinate character of the disease, and eventually by the negative 
response of the digestive disturbance to medicinal treatment. Inflam- 
matory conditions of the stomach and intestines differ from dilatation 
of the rumen in the presence of fever and the absence of large doughy 
or solid masses of fodder filling the rumen. Intestinal strangulation 
and intussusception and torsion of the uterus resemble dilatation) of 
the rumen only on superficial examination, because of the sudden cessa- 
tion of feeding and rumination and the presence of colic. Apart from 
the differing anamnesis, the absence of dilatation of the rumen, and the 
greater restlessness, strangulation or invagination of the intestine can 
be differentiated by rectal examination and torsion of the uterus by 
vaginal examination (spiral folds in the vaginal wall). 

Prognosis. This depends chiefly on the degree and duration 
of the condition; but the nature of the ingested food, and whether it is 
fermentable or hard and dry, also determines the duration of the 
affection and the danger of the development of an unfavourable course. 
If the affection has persisted for 6 or 10 days without any signs of 
improvement complete recovery cannot be expected, as complica- 
tions such as gastro-enteritis, peritonitis or chronic atony of the fore- 
stomachs are likely to develop. 

Treatment. In all cases complete withdrawal of rough fodder 
for 1 or 2 days is necessary, the ingestion of straw being prevented 
by the application of a muzzle. Massage of the rumen to provoke 
direct stimulation of the movements of the rumen and promote their 
efficiency is animportant procedure. The effect of massage 1s increased 
by gentle leading exercise and by maintaining the forequarters of the 
animal in an elevated position. 

Massage of the rumen is a therapeutic measure of considerab!e value, and is usually 
performed by exerting moderate pressure with the fists on the contents of the rumen by kneading 
and boring movements along the whole of the left flank, both upwards and downwards. These 
movements are continued for 5 to 10 minutes, and, except in the case of pregnant cows, are 
repeated on the right flank. When the rumen is greatly distended this process is carried out 
on both sides simultaneously by two operators. Massage is performed at intervals of 2 or 3 


hours; in milder cases only 2.or 3 timesaday. Asan auxiliary measure to massage strong friction 


with pads made of straw is useful. 
8 


Cases of moderate severity may be cured by withdrawal of rough 
fodder, regular massage of the rumen and a plentiful supply of water. 
The administration of drugs which stimulate the movements of the 
rumen is also indicated, especially in severe cases. Instead of the full 
doses formerly given, which elicited tonic contractions of the musculature 
of the fore-stomachs and caused severe abdominal pain and consequently 
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impeded the passage of the ingesta, the administration of only # to } 
of the full dose, repeated as may be required, should be practised. In this 
way the periodic movements of the fore-stomachs and the propulsion of 
their contents can more effectively be promoted. Parasympathetic 
stimulants, which may be given subcutaneously, are suitable for this 
purpose (physostigmine salicylate or sulphate for cattle in doses of 0:04 to 
0°05 gramme). ‘This acts in a few minutes, continues its action for more 
than 2 hours and can be repeated if necessary. Arecoline hydrobromide 
is effective in cattle in doses of 0-004 to 0-008 gramme; also pilocarpine 
hydrochloride in doses of 0:05 to 0:07 gramme. Pilocarpine, however, 1s 
weaker in its action and not so uniform in its effects as physostigmine and 
arecoline. Among drugs administered by mouth may be mentioned tartar 
emetic (6 to 10 grammes in cattle, 04 to 0’8 gramme in sheep and goats) 
dissolved in liberal quantities of warm water. Less suitable is barium 
chloride (6 to 10 grammes in cattle, given in a litre of water not more than 
twice daily), also veratrum (for cattle 3 grammes of the powdered 
rhizome thrice daily, for sheep and goats 0-5 to 1 gramme once daily; 
of the tincture the same or double the quantity [unsuitable in goats]). 
Veratrine sulphate may also be given (0-05 to 0-10 gramme for adult 
cattle, 0-03 to 0-04 gramme for sheep and goats in 50 parts alcohol 
subcutaneously), but this preparation may have a toxic effect. Buzenac 
observed the case of a cow which died after subcutaneous injection of 
0-10 gramme of veratrine. Veratrine may be combined with arecoline, 
but this according to Koops is unreliable. 

The introduction of large quantities of saline solution (30 to 40 litres) 
into the rumen has been found effective even in severe cases. ‘This should 
be followed by massage, repeated every half-hour for 6 or 8 hours. This 
results after 20 to 30 hours in diarrhoea, which is, however, of short dura- 
tion. ‘To stimulate the appetite, dilute hydrochloric acid or sodium 
bicarbonate with equal quantities of common salt may be given in the 
drinking water. [The parenteral injection of calcium boro-gluconate— 
see Vol. [1 1—uis often followed by marked benefit.—-Eb. | 

Symptoms of impending suffocation due to excessive formation of gases 
may be relieved by puncture of the rumen, or in severe cases by rumen- 
otomy with removal of a portion of its contents. 

In all cases during convalescence and following rumenotomy the 
animals should be placed on a restricted diet for a few days and be given 
only succulent roots and fresh fodder. | 


(b) Acute Flatulence in Ruminants, Tympanites, Meteorism . 
(Meteorismus Acutus Ruminantium) 


Acute flatulence consists in rapid distension of the rumen and reticulum 
due to the formation of gases. 

Occurrence. This condition occurs most commonly in the warm 
months of the year, chiefly in cattle and sheep, more rarely in goats, and 
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often affects several animals of a herd. ‘The incidence may be remarkably 
high in a particular area during a certain period. 

Etiology. Liberal ingestion of fermentable fodder is the usual cause 
of this affection. The foodstuffs most usually concerned are leguminous 
plants (clover, alfalfa, green vetches, peas, lentils), especially before 
they have flowered, when they are particularly succulent. In addition 
to these, other green foods, such as young shoots, succulent grass, cabbage 
and turnip leaves, fresh potato leaves; also germinating cereals in 
stubble fields; also roots and tubers (turnips and potatoes) and manufac- 
tured by-products (germinated malt, beet and husks) when ingested in 
excessive quantities. Insucking or recently weaned calves acute flatulence 
sometimes occurs after ingestion of large quantities of milk. 

Of the different food materials clover, especially red clover, is the 
most liable to cause flatulence. The richer and more succulent this 
fodder, the more dangerous it 1s; this accounts for the frequency of the 
affection in low-lying districts with rich soil and in pasture-fields of fresh 
aftermath, and also during years in which the spring is cold and plants 
which are backward for this reason grow more luxuriantly when the 
warm weather sets in. Fodder plants moist with dew, frosted, or wet 
with rain are also harmful, and consequently flatulence is more frequent 
during pasturing in the early morning, in cool damp weather, and in the 
summer. ‘The danger is increased by drinking directly after pasturing or 
feeding. Also, flatulence is easily caused by green fodder which has 
withered or become heated after storage. ‘This explains the frequency of 
flatulence during farm holidays when the animals are on stall feeding. 
Potatoes and turnips are more dangerous if decomposed than if they are 
fresh. 

The predisposition to flatulence varies in individual animals and 
may result from greedy feeding after long confinement to stalls. Func- 
tional impairment of the muscles of the rumen in debilitated animals, 
during convalescence, after prolonged confinement to stalls, also over- 
exertion directly after feeding and adhesions associated with the fore- 
stomachs are also predisposing causes. 

As a secondary condition moderately acute flatulence occurs usually 
after ingestion of plants (true hemlock, water hemlock, ranunculus, 
autumn crocus, tobacco, fungi, etc.); any factor which induces obstruction 
of the cesophagus generally causes severe meteorism. 

Pathogenesis. In consequence of the rapid formation of gas, the 
rumen, and with it the reticulum, soon becomes distended and the symp- 
toms generally resemble those of impaction of the rumen except that they 
are much more acute. 

Anatomical Changes. The abdomen is considerably enlarged 
and the wall of the rumen is often so tense that it can hardly be impressed 
by the hand. Sometimes a rupture of the rumen or of the diaphragm 
occurs. ‘The contents of the rumen consist of fermenting pulpy masses 
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of ingesta and a large amount of gas which, when ignited, burns with a 
blue flame (due to methane). Other post-mortem findings are hyperemia 
of the lungs, venous congestion, punctiform and linear hemorrhages in 
the serous membranes, especially the pleura and pericardium, as in death 
from asphyxia. 

The composition of the gases in the rumen differs according to the character of the fodder 
and the consequent nature of the fermentation. ‘There is always a large amount of carbonic 
acid gas (50 to 80 per cent.); next in quantity comes methane (16 to 39 per cent. of the total gas), 
then sulphuretted hydrogen, nitrogen and oxygen, the two last derived from the swallowed air, 
although oxygen is also formed during fermentation. 

Symptoms. The earliest symptoms are those of general distress and 
abdominal pain. Soon there is a rapid increase in the circumference of 
the abdomen with tenseness of the ab- 
dominal wall. The flanks, especially the 
left, become level and then soon bulge 
outwards, so that in severe cases the left 
flank appears to extend beyond the sum- 
mit of the dorsal ridge (Fig. 9). Some- 
times a metallic sound is heard on aus- 
cultation of the rumen. Visible move- 
ments and the normal peristaltic sounds 
of the rumen are absent, while crepitant 
noises become progressively distinct. 
Sometimes eructation and occasionally 
vomiting may occur. 

The expansion of the abdomen gives 
rise to dyspnoea with cyanosis, venous 
congestion, rapid and feeble pulse, 
pulsating cardiac impulse, coldness of 
the extremities and ears, restlessness, 
sweating and an expression of anxiety. 
Sometimes subcutaneous emphysema 
develops in the back and loins. If the 
condition be not relieved death may 
rapidly supervene. 

Course. After the ingestion of large 
quantities of highly fermentable fodder 
gases develop very quickly, even during 
Fic. 9.—Acutr Mrrrorism1n A Goat. feeding or immediately afterwards, and 

suffocation may occur within a few 
hours. In other cases the formation of gas is slower and the gas is 
expelled by frequent belching or vomiting, which may be followed by 
recovery. 

Diagnosis. The rapid expansion of the abdomen with tenseness 
of its walls and the hyper-resonance of the percussion sound heard over 
a wide area constitute a definite clinical picture. The character of the 
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percussion note, the response to pressure over the left flank, and the rapid 
onset distinguish the condition from overfilling of the rumen, while chronic 
flatulence and atony are differentiated by their slow, comparatively mild 
course and frequent recurrence. Flatulence due to obstruction of the 
cesophagus or cardia is distinguished by its history; cesophageal ob- 
struction is distinguished also by examination with the sound and by the 
absence of belching. It must be remembered that gastric inflammation 
caused by foreign bodies sometimes sets up acute tympanites. 

Prognosis. Acute flatulence is usually much more dangerous in sheep 
than in cattle, because in sheep a relatively smaller volume of gas will give 
rise to severe respiratory and circulatory disturbances, and also because 
the comparatively weak musculature of the rumen is insufficient to expel 
the gas. Otherwise the prognosis depends on the quantity and the 
fermentability of the fodder consumed. Flatulence due to clover is 
very dangerous, because the rapid fermentation causes an intimate mix- 
ture of gas with the ingesta. The prognosis is also influenced unfavourably 
by conditions of debility, youth or advanced age, and by antecedent 
disorders of digestion. When a large number of animals are affected 
simultaneously greater losses must be expected, owing to the difficulty 
in carrying out proper treatment. 

Treatment. The most reliable and simplest method of evacuating 
the gases of the rumen is by massage of both flanks while the forequarters 
are elevated (p. 71). Other methods consist in passing a rope round the 
abdomen, or by uniform pressure exerted by the flat hands, by driving 
the animals uphill, by directing jets of cold water on the flanks, immersion 
in cold water, or by driving the animals into running water (especially 
in mass affection of sheep). 


Elevation of the forequarters of the animal brings the gastric orifice of the cesophagus into a 
position above the gases over the ingesta. It can be accomplished as follows: a stable door or 
strong board is tilted over an inverted box or bundle of straw and the animal is supported with 
its forefeet on the inclined plane. On pasture, the animal can be placed with its hindfeet in a 
ditch or depression. Small animals, such as sheep, can be held in position between the knees. 


The effect of massage is considerably assisted by artificially excited 
belching or vomiting, by irritating the soft palate and fauces with a blunt, 
flexible rod, or by drawing out the tongue and moving it up and down 
by means of a knotted cord, or by placing a band of straw soaked in tar 
or other nauseous material in the animal’s mouth and tying it to the 
horns. 

The introduction of the stomach tube for the removal of gases is 
usually unsuccessful, because the cardia is covered by the food masses 
and the tube consequently becomes obstructed (Nuesch tried to avoid 
this difficulty by means of a special rumen tube provided with a movable 
end-piece to overcome the obstruction). By raising the forepart of the 
animal the introduction of the tube is often unnecessary, and in cases of 
severe dyspnoea may be dangerous. 
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Puncture of the rumen should not only be resorted to in cases of 
primary meteorism in which other methods have failed, but it should 
be adopted immediately when distress is acute, especially in cases of 
flatulence due to ingestion of clover, and also in secondary cases, when 
rumenotomy may be performed for partial removal of the ingesta. 


Puncture of the rumen is performed with a long trochar, which is thrust into the most promi- 
nent part of the left flank or in the centre of a line drawn from the external angle of the ilium 
to the middle of the last rib. ‘The point of the trochar is directed towards the right elbow. 
A previous incision through the skin may be necessary. After evacuation of the gases the 
cannula of the trochar should be retained for several hours by means of a bandage. The 
puncture wound usually heals without trouble. In an emergency the operation can be 
performed with a sharp-pointed knife, which is passed at right angles to the longitudinal axis 
of the body to a depth of 8 to 10 cm. into the rumen and then rotated go° before withdrawal, 
so as to make a gaping wound, which is afterwards cleaned and closed by one or two sutures. 


The oral administration of drugs is of little importance, and in 
severe cases is difficult to carry out owing to the restlessness of the 
animal and the difficulty in swallowing. Neutralising substances such 
as ammonia, lime water or potash do not markedly reduce the amount 
of gas in the rumen. On the other hand, in suitable cases drugs which 
stimulate the movements of the rumen may be useful (q.v., p. 72), also 
substances which inhibit fermentation. Perhaps the most valuable 
antizymotic in tympanites of the rumen in cattle is formalin (8 to 30 c.c. 
in 5 to 10 litres of a 2 or 3 per cent. saline solution given by stomach 
tube). Others advised are sodium hyposulphate (100 to 200 or 25 to 
30 grammes), chlorate of: potassium (50 to 60 or 5 to IO grammes), 
resorcin (15 to 20 or 5 to 8 grammes), hydrochloric acid (1 tablespoonful 
to 1 litre of water), lime water (1 to 2 or ¢ to ¢ litre). 

After the distension has subsided the animal should be put on a strict 
diet with moderate doses of aperients or drugs which stimulate movements 
of the rumen. 

Prophylaxis. T’ympanites can be prevented by proper care and atten- 
tion to pasturing and feeding. With this object herdsmen, shepherds and 
cattle-attendants should be properly instructed in this matter. Special 
care should be taken in pasturing ruminants on fields bearing clover 
aftermath or barley stubble. At all events, animals should only be allowed 
on such pasture after they have been fed on some dry fodder or given 
some time on less luxuriant pasture. ‘They should never be left long in 
pastures known to be dangerous. 

Freshly cut green fodder and all easily fermentable matter (flour, 
germinating malt) and food already fermenting should be cooled, dried 
and mixed with plenty of dry fodder. The owners of animals should 
be instructed in the simplest methods of expelling gas from the rumen, and 
it is advisable that stock-owners should possess a range of trochars. 
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(c) Chronic Flatulence of Ruminants (Tympanites Chronica 
Ruminantium) 


Chronic flatulence is not a disease per se, but represents a group of 
symptoms which may occur in the course of various affections of the 
fore-stomachs, cesophagus or intestine. 

‘Etiology. The condition develops gradually as the result of inter- 
ference either with the normal evacuation of gas, or of an excessive for- 
mation of gasin the rumen. ‘This condition occurs chiefly in atony of the 
rumen, traumatic gastritis, and in obstruction of the gastric orifices by 
hair or food balls. It is occasionally observed in certain affections of the 
abomasum (ulcer). 

Other causes are stenosis of the cesophagus, which interferes with 
-eructation and rumination, and occasionally in conditions producing 
pressure on the vagus nerve. In cattle stenosis of the cesophagus is most 
commonly caused by the pressure of tuberculous mediastinal glands. 
In cases reported by Weber and Goldmann the cardiac portion of the 
cesophagus was compressed by an echinococcus cyst in the liver, and in 
a case of Ade’s by prolapse of the reticulum into the thoracic cavity. 
Dilatation of the cesophagus may also lead to chronic flatulence by causing 
occasional obstruction. Stenosis of the intestine is a very rare cause. 

Anatomical Changes. Apart from the primary condition, the 
rumen contains fermenting food masses and excess of gas, in which the 
content in carbonic acid is lower than in acute flatulence. In one case 
Erdmann found 42 per cent. GH,, 35 per cent. GOs, 20 per cent. N and 
traces of oxygen. Lungwitz estimated the proportion of hydrocarbons 
to carbon dioxide as 1°1 to 1:2 to 1°5. 

Symptoms. These consist in gradually increasing and_ usually 
moderate swelling of the left flank occurring periodically at long and 
irregular intervals. Later, and especially in severe cases, this occurs 
regularly after each feed, or occasionally becomes persistent. In the case 
of highly fermentable food the accumulation of gas may be considerable. 
The movements of the rumen may remain normal or may be diminished. 
Rumination may be suppressed or entirely suspended. 

Course. Chronic tympanites usually develops slowly and continues 
for weeks or months. The continued pressure of the enlarged rumen 
on the transverse processes of the left lumbar vertebre causes slight 
rotation of the vertebre on their axis. ‘Thissymptom may be of importance 
in determining the duration of the primary cause (e.g., tuberculosis of 
the mediastinal lymphatic glands) on which the condition depends. 

Diagnosis. The affection is easily recognised by the repeated occur- 
rence of flatulence of usually moderate degree, but the diagnosis of the 
primary cause may be difficult. In affections of the cesophagus, especially 
when due to mediastinal tuberculous glands, the periodic swelling is 
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not associated with impairment of the gastric function or then only when 
the formation of gas is excessive; removal of the gases by the stomach 
tube or by puncture of the rumen causes temporary disappearance of 
the symptoms; also, in passing the stomach tube a certain degree of 
resistance is met with in the middle part of the thoracic cavity. In 
chronic tympanites due to intestinal stenosis the gastric function may be 
normal, but there is difficulty in defecation. When there is simultaneous 
disturbance of other gastric functions the tympanites must be attributed 
to an affection of the fore-stomachs (atony, foreign body) or of the abo- 
masum. 

Prognosis. Chronic tympanites does not usually endanger life 
per se, but its repeated occurrence impairs nutrition. Apart from this, 
the prognosis depends essentially on the nature of the primary cause. 

Treatment. Attempts must be made to remove the fermenting 
contents of the rumen by stimulating its movements by massage (during 
which the forequarters are elevated) and by gastric stimulants (see p. 71). 
In addition to these, saline aperients combined with tartar emetic or aloes 
may be given repeatedly. Antizymotics such as formalin are also useful. 
In some cases irrigation of the rumen may be advisable (see p. 72). After 
the symptoms have subsided the administration of saline aperients should 
be continued for a-time in smaller doses. Careful attention to diet is 
also necessary. 


(d) Atony of the Fore-Stomachs (Atonia Ruminis, Reticuli 
et Omasi) 


Atony of the fore-stomachs consists in a gradually developing reduction 
of the power of contraction of these organs, resulting in retardation of the 
evacuation of food material and consequent disturbance of digestion. 

Occurrence. Atony occurs most frequently in cattle, less often in 
goats, only occasionally in sheep. Its causation depends on the conditions 
of feeding. It is often observed in animals kept under poor conditions 
in the neighbourhood of large towns, during years and in regions where the 
produce is poor, and especially after feeding with various food substitutes, 
or with relaxing or irritating food. Most cases occur during the cold 
season, especially in the spring, a time when unsuitable feeding is most 
commonly resorted to. In some districts atony commonly occurs in 
very young calves. 

Etiology. Atony occurs as a primary affection after a sudden change — 
of feeding, following fatigue after prolonged transport, after difficult 
parturition, and also as a consequence of intense psychic stimuli (excite- 
ment, pain, anxiety in regard to the calf). In such conditions the cause 
may lie in inhibition of the contractions of the musculature of the fore- 
stomachs through the sympathetic, or in defective secretion of the digestive 
juices. Atony of this kind usually disappears in a short time, but if 
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neglected may progress into a more dangerous form of chronic gastric 
atony. Similarly, the acute atony associated with acute febrile diseases 
and with parturient paresis may be followed by a chronic atonic condition 
of the gastric musculature, which is further intensified by desiccation 
of the contents of the rumen. Russell Greig believes that a proportion 
of cases of primary gastric atony are associated with hypocalcemia. 

The usual chronic or insidious form of atony arises only occasionally 
from overfilling of the rumen; the course of this condition may be pro- 
tracted and lead to paresis of the musculature. As a rule it is due to 
improper feeding with dry, indigestible and innutritious material such as 
chaff, straw, marsh hay, garden or kitchen garbage, especially when it 
contains bone fragments, also oil cake, bran, shelled grain or husks. 
Equally harmful are rough or fibrous foodstuffs, such as coarse hay 
washed in lye, raspberry canes and brush hay. Snodgrass observed 
many cases in animals fed on stale or wet grass, in which the harmful 
effect was increased by insufficient drinking water. The harmfulness of 
these materials is due to the fact that many of them form thick, matted 
masses which are difficult to move, and also to the fact that they contain 
no protein- or starch-splitting vegetable ferments, or these are present 
only in insignificant amount, or else because of the destruction of the 
seed germ in the process of milling they are incapable of fermentation, 
and thus of providing those products of decomposition which stimulate 
movements of the fore-stomachs. Also, owing to their being incapable 
of swelling they cannot exert any effective force of expansion. The 
condition may also occur as the result of ingesting decomposed and frozen 
food material, boiled potatoes or thin meal mash, while swollen or wet 
fodder, by causing repeated expansion of the stomach wall, finally pro- 
duces weakness of its musculature. J. Schmidt observed functional dis- 
turbance of the fore-stomachs associated with toxic symptoms after feed- 
ing with excessive quantities of beetroot or swedes (45 kg. or more to 
milk cows, 20 to 25 kg. to non-pregnant and pregnant cows). Sprouted, 
spongy wae partly decayed turnips are also dangerous, especially during 
the later winter months. 

Insufficient chewing and consequent imperfect mixing of food with 
saliva in cases of defective teeth and chronic diseases of the tongue, 
greedy feeding, and repeated interruption of rumination in draught 
bullocks are also causes of gastric atony. In young calves atony occurs 
in connection with gastric catarrh after a sudden or too early transition 
from an exclusive diet of milk to one including bread, crushed oats, 
germinating malt, hay, etc. 

Predisposing causes are represented by a number of factors, including 
early youth and old age, and debility from chronic or acute diseases. 

As a secondary symptom atony ot the fore-stomachs occurs in the 
course of traumatic gastritis and in other inflammations of the fore- 

stomachs and abomasum, sometimes also in advanced pregnancy, and 
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in hydramnios as the result of pressure on the rumen; also in extensive 
adhesions of the fore-stomachs between themselves, with the abdominal 
wall or with neighbouring organs, and in prolapse of the reticulum into 
the thoracic cavity. Other causes are tumours, diffuse lymphadenitis of 
the stomach walls, affections of the abomasum (obstruction, ulcer, 
inflammation), subacute or chronic peritonitis, chronic affections of 
the liver, and certain affections of the lungs and heart. 

Pathogenesis. ‘The pathogenic effect of the above-mentioned causes 
consists either in a decrease in the normal contraction stimulus, or a 
diminution of the power of contraction of the fore-stomachs, or in both 
conditions combined. ‘The weaker and usually less frequent contractions 
cause more or less defective intermixing and retarded evacuation of the 
ingesta, in which also the normal katabolism of food material by ferments. 
is deficient and is supplanted by the irregular action of micro-organisms. 
According to the nature and quantity of the food, the degree of functional 
disturbance, and the amount of ingested water, there occurs an active 
formation of gas or a desiccation of the contents of the rumen and omasum. 
Sometimes the omasum alone is the seat of obstruction, because under 
normal conditions its contents are usually solid and its weakly developed 
musculature is capable of only slow contractions, so that in certain 
conditions finely divided dry fodder (short cut chaff, bran, etc.) passes 
without previous rumination directly into it with the watery contents 
of the reticulum. 

As the result of defective intermixing, stagnation and irregular decom- 
position of food material, disturbances of digestion and nutrition develop, 
and still further increase the atony. Also, the formation of toxic products 
of decomposition during long-continued or frequently repeated dilatation 
may eventually lead to permanent dilatation, inflammation or necrosis 
of the wall of the stomach, or to catarrh of the abomasum and intestine, 
and in the case of deep inflammatory processes to peritonitis. 

Anatomical Changes. The rumen and omasum, less often the 
reticulum, are more or less dilated; in young calves only the rumen is 
dilated. ‘The contents of the omasum are abnormally dry, and can be 
reduced to powder between the fingers. ‘The rumen also contains desic- 
cated food material and gases of fermentation. After feeding with thin 
mash and boiled potatoes the contents of the rumen have the appearance 
of street mud or thin dough without any obstruction of the omasum. 
Desiccation of the contents of the omasum without dilatation is a common 
secondary condition found in severe febrile diseases or other affections 
and is the result of diminution of the stomach movements. The mucous 
membrane of the fore-stomachs is either unchanged, uniformly reddened, 
or may exhibit petechial hemorrhages, and if the process is continued 
for some time before death, may be ecchymosed. ‘The squamous epithe- 
lium is commonly detached in shreds. In the omasum, hemorrhagic 
ulcers and pressure necrosis are sometimes found, usually connected with 
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circumscribed or acute general peritonitis. In secondary atony the 
changes resulting from the primary disease are also present. 

Symptoms. In the acute form the symptoms include loss of appetite, 
lessened thirst, slow and infrequent rumination, and reduced power of 
the movements of the rumen without any change in their normal frequency 
(in cattle 10 to 14, in goats 7 to 14, in sheep 6 to 16 in 5 minutes). If 
this condition is regarded as simple indigestion or does not receive proper 
treatment it is liable to continue as the chronic form. 

The chronic form usually develops very gradually, although it may 
_ occasionally evolve in a few days. Appetite gradually diminishes, but is 
not entirely lost; in some cases it may remain for several hours or even 
days ponds unchanged, when usually rough fodder is preferred. 
Thirst is generally reduced, but is sometimes increased. Occasionally 
the animals lick greedily. Rumination is, as a rule, gradually or 
suddenly reduced in activity and takes place only at long intervals. 
Belching of offensive gases occurs rarely, and regurgitation and vomiting 
are rare. 

The circumference of the abdomen is frequently increased on the left 
side and below, with distension of the left flank, but if the appetite is not 
maintained the circumference of the abdomen may be decreased. The 
rumen is generally larger, but is sometimes only moderately or slightly 
filled, usually feels hard, and seldom fluctuates on palpation. Some- 
times, however, the distension of the rumen may be considerable, especi- 
ally after each feed; a little later it subsides or entirely disappears (chronic 
meteorism). Every large feed causes direct increase in the degree of 
meteorism, which persists after complete cessation of the stomach move- 
ments. ‘he movements of the rumen at first show a decrease in power 
and frequency, and in the absence of proper treatment may entirely 
disappear in a few days. The rumen is seldom sensitive to pressure. 
The rumen and intestinal sounds are suppressed; the latter, however, 
before the onset of diarrhcea or during its duration are loud and rumbling. 
Defeecation becomes less frequent and obstinate retention may sub- 
sequently develop, the feeces consisting of black, peat-like masses formed 
of partly digested food. Occasionally there is no difficulty in defecation, 
especially after feeding with mashes. After a time offensive diarrhea 
sets in, usually alternating with constipation. Diarrhoea is sometimes 
preceded by slight colic. 

Primary atony of the omasum manifests itself by bradycardia, inactivity, torpor and 
somnolence, and may be associated with weakness of the neck movements. A distinctive sign 
is increased resistance in the region of the omasum and sometimes tenderness to pressure in 
the interspaces of the seventh to ninth ribs, especially on sudden smart pressure with the fist 
behind the right costal arch. Hink mentions pain produced by percussion of the postero-inferior 


part of the thorax, as well as by pressure on the xyphoid cartilage. ‘The diagnostic importance 
of sounds in the omasum is not yet defined. 


The temperature and pulse are at first but little affected; the respiration 


is often slightly accelerated and sometimes accompanied by groaning 
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and sighing. ‘There is often grinding of the teeth and coughing. The 
movements of the animal are usually slow, but sometimes excitement 
or even convulsions may be exhibited. ‘The appetite is diminished and 
general weakness supervenes.. Occasionally paresis, resembling that 
seen in milk fever or in the condition known as post-parturient paresis, 
is observed, possibly due to absorption of products of decomposition in 
the fore-stomachs, in which the epithelium of the mucous membrane is 
permeable to fluid substances in parts where the lipoid containing stratum 
lucidum and stratum granulosum, which prevent absorption, are absent. 

At a later stage progressive debility and emaciation set in, the eyes 
become sunken, the hair becomes harsh, the skin dry, the muzzle fissured, 
and the secretion of milk is diminished. 

In secondary atony symptoms of the primary disease may sometimes 
be observed. 

Poisoning by turnips in cattle manifests itself by diarrhoea, loss of appetite and secretion of 
milk; in severe cases also by rigidity of the joints, weakness of the hindquarters with slight 
staggering, occasionally cedematous swelling of all four limbs and salivation. Later symptoms 
are spasmodic contractions in the region of the head or other parts of the body, which can be 
produced artificially by any excitement. Soon after calving affected animals exhibit periodic 
general muscular twitchings, in the intervals between which a condition resembling milk fever 
develops; the condition usually terminates fatally. 

In the affection known as “ acute licking sickness” of cows, which develops under similar 
conditions, van der Veen observed salivation and licking; the animals would not swallow the 
food taken, but licked all objects within reach, pressed their lips against them and sucked, sup- 
ported their heads against the chest, fell down, but finally recovered. 

In atony of the stomach in young calves the symptoms commence a few days after improper 
feeding (Imminger) with severe diarrhoea, which suddenly ceases after 8 to 10 days, after which 
the feces become hard and offensive, the general condition deteriorates, and the appetite is sup- 


pressed. Usually half an hour after feeding meteorism develops and persists for 6 to 24 hours. 
Fever, and, if the course be prolonged, emaciation have also been observed. 


Course. Under suitable treatment and diet acute cases nearly always 
recover inafew days. On the other hand, chronic atony pursues a variable 
course in which temporary improvement alternates with exacerbation. 

Permanent improvement may be expected when simultaneously with 
free evacuation of the intestinal contents, which are mixed with smooth 
crumbling masses apparently derived from the omasum, the dilatation 
of the rumen diminishes, the rumen no longer contains hard masses of 
food and its movements become stronger and more frequent, and groaning 
or sighing ceases. In adult animals improvement takes place gradually 
and does not lead to complete cure till after several days or even 3 weeks; 
it may, however, be interrupted by recurrence owing to insufficient care 
during convalescence. Atony due to compression by a pregnant uterus 
in favourable cases disappears within a few days after calving. Young 
stock also recover in a few days if properly treated. 

Unfavourable signs are complete loss of appetite and movements 
of the rumen, continued distension, constipation or persistent diarrhoea 
resistant to treatment, a high or a subnormal temperature, tenderness of 
the rumen to pressure, continuous groaning, inability to maintain stance, 
paretic conditions, convulsions and cachexia. 
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The duration of the disease varies from several weeks to months: 
according to Bouley, 25 to 30 days; according to Cadéac, 1 to 2 months; 
according to Dieckerhoff, usually several months or even 1 to 2 years; 
in pregnant cows, according to Eber, only 8 to 10 days. 

Diagnosis. The clinical symptoms and the history are usually 
sufficient to permit of a diagnosis. Severe general diseases associated 
with impairment of the movements of the fore-stomachs are distinguished 
by their onset with fever, their rapid development, and the presence of 
other characteristic symptoms. Dilatation of the rumen occurs in previ- 
ously healthy animals after excessive feeding; the rumen is considerably 
expanded, and in severe cases its movements cannot be seen at all. Acute 
dilatation can only present difficulty in cases of atony with pronounced 
meteorism; its rapid development in previously healthy animals after 
the liberal ingestion of readily fermentable fodder and the rapid recovery 
after treatment are sufficiently diagnostic. Chronic dilatation without 
affection of the fore-stomachs or the abomasum is distinguished by the 
fact that accumulation of gas is the most prominent or even the only 
symptom present, while the function of the fore-stomachs is only impaired 
in very marked dilatation; also, all symptoms disappear for a time with 
the subsidence of the meteorism. Acute gastric catarrh and gastritis are 
distinguished by their usually sudden febrile onset, by the normal depres- 
sion in the left flank without any accumulation of gas or hard ingesta in 
the rumen. Gastritis is also accompanied by severe general symptoms. 
Acute gastric catarrh or gastritis complicating atony of the fore-stomachs 
can only be distinguished by the history. . 

The differentiation of primary from secondary atony can often be 
decided by the history of the case in relation to feeding, the onset and 
course of the affection, the condition of other organs and the effect of 
treatment. Compression of the fore-stomachs by a pregnant uterus can 
be assumed as the cause of atony when digestive disturbances develop 
on a normal diet and when the uterus is gravid. In prolapse of the 
reticulum into the thoracic cavity the percussion note is dull or tympanitic ° 
over the lower third of one side of the thorax, rarely on both sides, and 
the respiratory sounds are sometimes replaced by audible peristaltic move- 
ments; also, compression of the heart sometimes gives rise to unilateral 
venous congestion, weakness of the cardiac impulse, and even sudden 
death. In other cases there are symptoms of chronic affection of the 
liver, lungs or heart, and sometimes of subacute or chronic peritonitis. 

The early recognition of traumatic gastritis is of great importance. 
In nearly 50 per cent. of cases tenderness to pressure in the region of 
the reticulum is an early symptom and there is a sudden onset of obstinate 
digestive disturbances, resistant to treatment and without apparent cause, 
also pain after administration of gastric stimulants. Sometimes the affec- 
tion is not recognised till later in its course, when the pericardium, pleura, 
lungs and the subcutaneous tissue in the sternal region become involved. 
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Prognosis. This primarily depends upon whether the affection 
is primary or secondary in character, upon the duration of the disease 
and the state of nutrition of the animal. Primary atony of the stomach 
usually subsides under proper treatment, but in secondary atony only 
in cases where the primary cause is curable. Atony due to pregnancy 
usually subsides in a few days after parturition, but even in this form there 
may be fatal cases. 3 

Apart from the last-mentioned form, recovery can hardly be expected, 
and slaughter is indicated when the disease has lasted more than 
2 or 3 weeks, the digestive disturbances have not yielded to prolonged 
treatment, diarrhoea has persisted for several weeks, or paretic conditions 
have developed, or when symptoms of gastritis or peritonitis develop. 
In tuberculous and pregnant cows primary atony requires careful treat- 
ment. 

Treatment. After complete abstinence from food for a day, or if 
necessary several days, the animal is given a restricted diet, including 
small quantities of good hay, together wth thin flour gruel to which 
salt is added, meal or milk gruel. In cases of atony caused by watery 
or cooked food small quantities only of good hay should be given, be- 
cause when the appetite returns feeding to satiety tends to aggravate the 
condition. Grazing on sound pasture is good practice. Calves should 
be given boiled milk with oatmeal several times a day. 

In all cases massage of the rumen should be performed (p. 71), 
and mild gastric stimulants may be administered. For this purpose 
whisky is also prescribed. Purgatives are indicated in constipation and 
intestinal astringents in diarrhoea. ‘To stimulate digestion and prevent 
decomposition in the stomach, hydrochloric acid is useful (1 to 2 table- 
spoonfuls in a quart of water several times daily). Antizymotics may. be 
required—e.g., creolin (5 c.c. three times daily in water) and, according 
to Mezrisky, Imrie and others, formalin (25 to 40 c.c. in g to 12 litres of 
2 per cent. saline solution administered by tube). Other useful drugs 
are common salt with sodium bicarbonate equal parts, Glauber’s salts 
and artificial Carlsbad salts (1 to 2 tablespoonfuls). 

In very obstinate cases beneficial effects are often obtained by ad- 
ministering large quantities of saline solution by means of the stomach tube 
passed into the rumen, or in emergency cases by means of trochar and 
cannula passed into the left flank (up to 50 litres of water in several portions 
for cattle). If desirable 8 to 10 grammes of hydrochloric acid or to to 20 
c.c. of formalin may be added to each portion. Mucilaginous fluids (20 to 
30 litres a day) may be beneficial. In severe cases of obstruction of the 
omasum and of the intercommunications of the fore-stomachs, and also 
in some obstinate cases of atony of the rumen, incision of the rumen 
(p. 99) with partial removal of the contents and irrigation of the ob- 
structed omasum with o-g per cent. salt solution is indicated. Gétze 
recommends the formation of a fistula in the rumen in combination with 
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a nutritious diet in all cases with pronounced motor disturbance in which 
pathological-anatomical changes are absent, the fistula (a dorso-ventral 
opening 6 cm. long) being kept open for 4 to 10 weeks. 

[In cases of primary atony, especially those following parturition, the 
parenteral injection of assimilable salts of calcium—e.g., calcium boro- 
gluconate—should be administered.—ED.] 

The treatment of turnip poisoning, after removing the source of the - 
trouble, consists in the administration of mild purgatives, but should the 
case be associated with diarrhoea prepared chalk and tannic acid are 
prescribed in large doses. 

In atony of the stomach in young calves Imminger obtained a rapid 
cure by irrigation of the rumen combined with suitable diet. Heidrich 
successfully treated recurrent tympanites in calves 8 to 12 weeks old with 
antiparesin (o‘r gramme of veratrine and o-1 gramme arecoline each 
dissolved in 1 litre of linseed tea; a medium-sized cupful of each solution 
administered alternatively every 2 hours). 


Irrigation of the rumen in calves is performed as follows: ‘The rumen is punctured with a trochar 
having a cannula 10 cm. long and 8 mm. indiameter. The cannula is connected with a rubber 
tube 1 m. long, the other end of which is provided with a funnel. Through this a 3 per cent. 
solution of common salt, warmed to 30° to 35° C., is introduced till the fluid appears in the funnel. 
After the solution has remained in the rumen for a time the rubber tube is removed and the calf, 
after having had the forefeet and hindfeet tied together, is placed on its left side on two tables with 
a space between them so that the cannula lies in the free space. The fluid is then evacuated by 
gentle pressure on the upper side of the animal. After removal of the dirty brown offensive 
‘irrigation water the rumen is filled again, but the fluid is allowed to remain, and by means of 
massage on both sides is distributed over the other fore-stomachs, the abomasum and small intes- 
tine. On the following day moderate diarrhoea occurs, after which recovery usually takes place. 


(e) Digestive Disturbance caused by Foreign Bodies in the 
Fore-Stomachs (Traumatic Dyspepsia) 


This term includes disturbances in digestion due to gastro-peritonitis 
caused by pointed foreign bodies, and those due to motor disturbance 
or obstruction of the different : sections of the stomach caused by blunt 
foreign bodies. 

Occurrence. Foreign bodies occur most frequently in cattle from 
2 to g years of age, especially in cows over 4 years; in younger cattle and 
calves they are rarely found, and in other ruminants (goats, sheep, buf- 
faloes) only occasionally; of these they are relatively most common in 
goats. ‘They are found commonly in cattle belonging to poor owners, 
and still more commonly in cows belonging to certain tradesmen and 
mechanics (shoemakers, needle-makers, iron workers, spinners), as well 
as in an mals in industrial areas and in the neighbourhood of large towns, 
particularly in times of scarcity when food substitutes are used. Foreign 
bodies are also found in cases of “ licking-sickness.”’ Occasionally gastric 
disturbances caused by foreign bodies appear in an enzootic form. These 
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affections nearly always occur in housed animals (out of 50 cases, Udall 
found only 7 during the grazing period). 


According to Eber’s statistics of 235 cases of “* paresis of the rumen ”’ (overfilling of the rumen, 
primary and secondary atony of the stomach) in cattle, 17-9 per cent. were caused by foreign 
bodies. Of 50 cases of traumatic gastro-peritonitis collected by Udall, only 7 occurred in the 
summer; 18 were caused by pieces of wire, 19 by nails and 2 by needles. In Wenger’s 110 cases, 
48 were caused by pieces of wire, 46 by nails, 10 by sewing needles or pins, 6 by hairpins. Papai 
found foreign bodies in the stomach in 57:7 per cent. of 1,516 slaughtered cattle; 34:8 per cent. 
were present in the reticulum (22-6 per cent. causing penetration or perforation), 50°75 per cent. 
occurred in cows, 39°I per cent. in oxen, 17°6 per cent. in bulls, 12 per cent. in calves and 9:09 
per cent, in young cattle. Honebein, in 37°33 per cent. of slaughtered cattle, found pointed 
foreign bodies lying free in the reticulum in 68 per cent., without any changes in the wall of 
the stomach. Russell Greig records the case of a stud bull having swallowed a piece of stout 
iron fencing wire, 20 inches in length; the body eventually penetrated the abdominal wall. 


JEtiology. The frequent occurrence of foreign bodies in the stomachs 
of cattle, as compared with other animals, is due partly to the habit in 
these animals of licking various objects and often swallowing them, 
partly to the rapid ingestion of food, and also to the frequent occurrence 
of foreign bodies in the fodder due to admixture with kitchen refuse and 
sweepings or objects derived from the garments of female attendants, 
or with balls of hay or straw, with objects picked up from streets, play- 
grounds, refuse heaps and railways, or during structural alterations in 
the byres, and also to the fact that foreign bodies are occasionally 
imbedded in oil cakes. ‘The swallowing of foreign bodies is also 
favoured by the backward direction of the papillae of the mucous 
membrane of the tongue, which prevents foreign bodies from falling 
out of the mouth. In “licking sickness” these conditions are naturally 

~ageravated. 

According to their nature and shape, foreign bodies may be blunt, 
pointed or sharp. The most common and most dangerous are those 
consisting of iron, such as nails, needles, pieces of wire, knife blades and 
broken scissors, while hard wood shavings or larger pieces of wood, whip 
handles, pieces of leather and cloth, balls, pieces of money or large pieces of 
roots are more rarely dangerous. Sometimes large quantities of sand 
collect in the fore-stomachs and intestine through licking the walls or 
floor of the manger, pasturing on sandy ground, or feeding on hay or 
other fodder mixed with sand, or by drinking in shallow water. 

The formation of concretions in the rumen and reticulum, such as 
hair balls (animal hair balls, zootrichobezoars, pilobezoars, pilo-concre- 
tions, egagropili) act in the same way as blunt foreign bodies. ‘These occur 
in cattle and sometimes in calves and lambs, especially after swallowing 
wool, and by the animals licking their own bodies. The swallowed 
hair or wool is formed into spherical or oval bodies by the rolling and 
churning movements of the fluid or semi-fluid contents of the rumen 
during the suckling period, when on soft feed or during the regular 
ingestion of large quantities of fluid They sometimes attain the size 
of the fist and have either a thin smooth shell consisting of mucus and 
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inorganic salts or presenting the appearance of a thick hairy skin. 
Foetal hair balls may occur in new-born animals, especially calves; they 
may increase in size after birth owing to the deposit of swallowed hair. 
According to Framcke they originate in the amniotic fluid from the cast-off 
hair of the foetus being formed into balls during the movements of the 
foetus in the amniotic fluid; these are occasionally swallowed by. the 
foetus. In this way the presence of hair balls the size of a chestnut in 
stillborn calves and the size of an apple or fist in 10 to 21 days old calves 
is explained. | 

Similar in formation to hair balls are food balls, which consist either 
of inorganic salts mixed with food matter containing plant fibres (phylo- 
trichobezoars, phytobezoars, phyto-concretions) or of undigested parts 
of plants formed into balls. They are formed during continued feeding 
with undecorticated cotton cake and fibrous turnips. Such food balls 
may occur exclusively in the abomasum, but in young calves and lambs 
are found also in the reticulum. Occasionally the cardiac opening is 
obstructed by hard vegetable food balls. Obuchow found in the anterior 
sac of the rumen of a camel four stratified concretions containing pieces 
of wire. 

Pathogenesis. Blunt foreign bodies seldom impair the functional 
capacity of the fore-stomachs, but they may cause obstruction of the 
cardia or pylorus, or of the communication between the reticulum and 
omasum, and may also impede the movements of the fore-stomachs 
when they consist of heavy masses of sand or pieces of metal. Although 
the wide opening between the rumen and reticulum 1s not liable to obstruc- 
tion, foreign bodies in the reticulum, when of large extent (pieces of cloth, 
swallowed placenta), may occlude the cardia or the opening between the 
reticulum and omasum, and light bodies, such as hair and food balls, 
pieces of wood or cloth, suspended in the semi-fluid contents of the retic- 
ulum may be driven into those openings during the maximum contrac- 
tion of the reticulum. In the same way hair and food balls and occa- - 
sionally small foreign bodies present in the abomasum may be wedged 
into the pylorus. In all such cases the propulsion of the contents 1s 
more or less impeded, and meteorism or atony of the fore-stomachs 
may result. Further, the pressure of heavy foreign bodies or of 
impacted hard or tough objects may cause injury to, or may set up 
inflammation of, the walls of the stomach, which may spread to the 
peritoneum. 

Sharp and pointed foreign bodies, since they are usually of considerable 
weight, fall with the food into the reticulum, where they lie in the middle 
line or towards the left side. On the other hand, lighter and longer 
objects are propelled with the food by the comparatively strong contractions 
of the atrium of the rumen directly into the rumen, from which after a 
variable time they reach the reticulum. Foreign bodies lying on the floor 
of the reticulum are tossed here and there with the contents by the con- 
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tractions of the reticulum, and are thereby usually brought in contact 
with the antero-ventral portion of the wall of the reticulum. 

The effect of sharp and pointed foreign bodies depends on their com- 
position, shape, length and position. Elongated objects are usually less 
dangerous than short ones, because they pass less easily from the rumen 
into the reticulum with the food contents and may remain for a long time 
without causing trouble (Bergmann found in the rumen a kitchen knife 
which had been there for 3 months). Short foreign bodies may penetrate 
or perforate the wall of the reticulum during its contraction, a result to 
which the reticular arrangement of the mucous membrane also con- 
tributes. Other contributory causes of penetration and perforation are 
the movements of the diaphragm and abdominal organs, movements 
of the abdominal muscles and pressure from the pregnant uterus. In 
this way is explained the frequent occurrence or aggravation of symptoms 
during parturition, transport and following operations requiring restraint. 
The frequency of injury to the antero-ventral wall of the reticulum is 
chiefly due to its contraction in the antero-dorsal direction, and is no doubt 
contributed to by the movements of the diaphragm and by abdominal 
pressure. In breeding animals, on the contrary, the posterior wall of the 
reticulum is more often injured, because, in coition, the foreign body is 
pressed against this part of the stomach by the sudden increase of intra- 
abdominal pressure. Owing to the manner in which mastication is per-_ 
formed in ruminants (q.v.) the omasum and abomasum are usually 
uninjured. 

The results of injury to the stomach wall vary to some extent with 
the nature of the foreign body. Short pointed objects (nails, pieces of 
wire, etc.) do not usually penetrate far into the wall, neither do blunt- 
headed or bent objects (nails, hairpins, etc.). On the other hand, long 
pointed objects (long nails, long pieces of wire, darning and sewing needles, 
hatpins, etc.) may penetrate deeply and reach neighbouring or even 
distant organs, and because of their rough, rusty or broken surface 
become fixed. Perforation by a foreign body causes pain only when there 
is injury to the gastric nerves (insensitiveness of the gastric and intestinal 
mucous membranes to painful irritation), and injury to the mucous or 
muscular coats only when inflammation develops. Bacteria present in 
the stomach contents or conveyed there by the foreign body gain entry 
to the tissues through the penetration wound and set up a circumscribed 
inflammation of the stomach wall and its serous coat. According to the 
rapidity of penetration of the foreign body, the inflammation either 
extends rapidly and leaves a fibrinous deposit, or it develops slowly, 
spreads less in depth or extent and deposits little fibrin. The fibrinous 
deposit causes adhesions between the affected part of the stomach wall 
and the adjacent parts, and in this way often prevents the entry of micro- 
organisms into the abdominal cavity. It is only in rapid and complete 
perforation, perhaps during one or more contractions of the reticulum, 
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when the formation of fibrin has not had time to develop in sufficient 
quantity, that the opportunity for general bacterial peritonitis occurs. 
When this occlusive action of the fibrin takes place it is followed by the 
development of new connective tissue. 

The contractions of the fore-stomachs are inhibited partly by the 
penetration lesion, but principally by the reflex action of the sympa- 
thetic nerves elicited by the inflammation, or else by the direct 
traumatic and inflammatory injury to the nerve plexus in the stomach 
wall. In the case of adhesions, stomach movements may also be impeded 
mechanically. 

Bacteria and their endotoxins may give rise to fever and leucocytosis. 
In long-standing cases, or those of slow development, the absorption of 
bacterial toxins may be prevented by the formation of non-vascular 
cicatricial connective tissue. | 

Anatomical Changes. Blunt foreign bodies are found imbedded 
in the food pulp on the floor of the rumen or reticulum, rarely 1mpacted 
in the openings of the fore-stomachs or in the pylorus. Sand or gravel 
may be deposited on the inner surface of the rumen, less often in the other 
sections of the stomach, producing a rigid condition of the walls (so-called 
Saburra). Sometimes inflammatory changes are found in the mucous 
or serous coats. : | 

Pointed foreign bodies give rise either to traumatic inflammation of the - 
reticulum (reticulitis traumatica) with local thickening of the wall and 
loss of substances in the mucous membrane or deeper layers, or else only 
to a circumscribed suppurative inflammation. In long-standing cases 
there is formation of a scar or a slight depression with cicatricial border. 
In deeply penetrating lesions or complete perforation a circumscribed 
fibrinous peritonitis develops around the lesion with adhesion of the 
reticulum to the diaphragm (traumatic diaphragmatic-reticular inflam- 
mation), rarely to other organs. Sometimes a fistula communicating 
with the reticulum is found in the cicatricial tissue, or one or more abscesses 
with hard, thick, bluish-grey walls containing offensive pus, sometimes 
mixed with food particles. ‘The fistulous tract usually contains the rusty 
or discoloured foreign body, but this may have become disintegrated. 
These changes are very rarely found in the omasum or abomasum. 

After injury by the foreign body to other organs (heart, and occasion- 
ally lungs, liver, spleen, etc.), cicatricial bands are formed in connection 
with the reticulum; sometimes these bands contain abscesses. A fistulous 
tract may be formed between the reticulum and the region of the xyphoid 
cartilage. Occasionally foreign bodies may penetrate through the left 
hypochondrium or the flank, or through the muscles of the hindquarter, 
forming a swelling under the skin or a fistula. 

Small extravasations of blood giving rise to a grey coloration at the 
site of the lesion or in the fistulous tract are often found. Exceptionally, 
internal hemorrhage occurs, when the reticulum and other parts of the 
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stomach and the intestine become filled with blood clots. Sometimes 
sero-purulent peritonitis or pleuritis is caused by the rupture of abscesses, 
or general sero-fibrinous peritonitis. In other cases there are metastatic 
foci in the internal organs. Occasionally, it has been found that when 
animals are suddenly exerted a fresh perforation is caused in the wall 
of the reticulum, but, in such cases, apart from a slight collection of fluid 
in the abdominal cavity and small hemorrhages in the neighbouring 
organs other changes are absent. 

Symptoms. Blunt foreign bodies sometimes cause only atony of the 
fore-stomachs (indigestion). ‘This may be acute, or chronic and relapsing, 
and is sometimes accompanied by pain. Atonic symptoms often occur 
in the case of sand deposit in the rumen. ‘This is very hard on palpation, 
and symptoms of ‘‘ empty rumination,” salivation, arching of the back 
and groaning, and the presence of sand or fine gravel in the feces are also 
observed. Severe cases lead to gradual exhaustion and sometimes 
terminate fatally in 2 or 3 weeks, but more often after several months. 

Sudden obstruction of the openings between the fore-stomachs or of 
the pylorus (especially by hair or food balls), which sometimes occurs in 
calves and lambs, but only rarely in adult animals, is manifested by rapidly 
increasing tympanites, great restlessness, straddling of the forelimbs, an 
expression of anxiety, repeated groaning, followed later by lethargy, avoid- 
ance of movement, increased rapidity of pulse and respiration, and in some 
cases attacks of eclampsia. Repeated attempts at vomiting occur, which 
are sometimes successful in ejecting the obstructing hair or food ball, 
after which recovery takes place rapidly. Usually, however, these cases 
terminate fatally, often in one or two days (Richard observed 25 deaths 
in a flock of lambs, and Moussu 3 to 5 deaths daily in lambs). In adult 
animals death sometimes takes place from gradual exhaustion. 

In traumatic inflammation of the reticulum and traumatic reticulo- 
diaphragmatic inflammation caused by poznted foreign bodies the interval 
of time between the ingestion of the foreign body and the onset of 
symptoms is very variable, but 1s at least 1 to 7 days. According to 
Hoffmann, the symptoms very rarely appear directly after ingestion of the 
foreign body. In Marek’s experiment, in which nails, 10 cm. long and 
pointed at both ends, were introduced with water through a stomach 
tube, one bullock exhibited symptoms in 24 hours, another only after 4 days. 
In Kreutzer’s experiment definite symptoms occurred in 12 to 27 hours. 
According to Koppitz, penetration of the wall of the rumen by a foreign 
body takes place on an average in 4 days. 

In about 50 to 70 per cent. of rapidly developing cases there is a sudden 
onset of severe digestive disturbances without any apparent error in diet 
and under normal conditions of management. Sometimes the symptoms 
appear after prolonged transport or over-exertion, in advanced pregnancy 
or after parturition; only exceptionally are they observed directly after 
swallowing a foreign body. 
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The appetite is at first diminished and remains very variable during 
the course of the affection. Rumination is slow and irregular or com- 
pletely suppressed, and attempts. at rumination sometimes cause regurgi- 
tation. In about one-third of these cases there is chronic meteorism, 
varying in degree over the course of a few hours, but which is 
most pronounced shortly after feeding. ‘The rumen is often moderately 
distended between the feeds, so that the animal appears replete. Ex- 
cessive accumulation of food in the rumen is not uncommon when the 
affection develops directly after normal feeding. More often, however, 
the rumen diminishes in size. The movements of the rumen are, as a rule, 
less frequent, weaker and irregular, but this impairment rarely terminates 
in complete cessation of the movements. The normal crepitation sounds 
heard in the region of the rumen are replaced by rumbling, whistling or 
tubular sounds. Constipation is nearly always present, and blood may 
sometimes be detected in the feces macroscopically, microscopically or 
by chemical tests. 

In contrast to other forms of atony of the stomach with more or less 
similar digestive disturbances, this form is characterised by spontaneous 
or artificially induced symptoms of colicky pain. The animal strikes 
at its abdomen, moves its head from side to side and grinds its teeth. 
Sounds of a groaning or sighing nature may occur independently of 
expiration, and, according to Gétze, sometimes coincide with the con- 
tractions of the reticulum every 40 to 60 seconds. ‘These sounds occur 
when standing, on lying down or on rising, when passing feces or urine, 
when-moving about, and especially when going down hill. Pain is also 
manifested by the behaviour and appearance of the animal, which has 
an anxious expression, stands with arched back, extended head and with 
its legs straddled. Its gait is cautious and uncertain, and the pain is 
increased by raising the hind quarters. An important sign consists in the 
artificial production of pain in the region of the xiphoid cartilage by grip- 
ping the back and forcibly raising the skin over the withers with both 
hands; this gives rise to the characteristic groaning and sighing sounds. 
The same effect may be obtained by sudden sharp pressure with the 
fist over the xiphoid cartilage, or by regular intermittent pressure on 
the same region; also by exerting strong downward pressure on the 
back while an assistant raises the head and slightly compresses the 
nostrils. Another method is that recommended by Gétze, by which 
the animal’s abdomen is slowly raised by means of a long pole passed 
underneath it from the lower thorax to the udder, and then suddenly 
allowed to fall, the operation being carried out intermittently. Another 
useful method is that of systematic percussion of the xiphoid region and 
its neighbourhood with a heavy percussion hammer or pleximeter, 
beginning in the middle line from the xiphoid cartilage to the udder, 
then to the left and right of the middle line (avoiding the lacteal vessels 
on account of the possibility of thrombosis), then in a line from the apex 
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of the heart to the angle of the scapula, and finally along the line of 
the diaphragm. In all these methods the characteristic vocal sounds 
described above, which are of diagnostic importance, can be rendered 
apparent, while otherwise they may only be audible when the observer 
is close to the animal’s head. A long groaning sound by itself is 
not characteristic. Symptoms of discomfort evinced by restless- 
ness, aimless wandering, kneeling down, are also of little diagnostic 
importance. 

The general symptoms consist of disturbance of health, fever (39°7° to 
40:8° C.), sometimes rigors, “staring”? coat, unequal distribution of 
body temperature, muscular tremors (especially in the left anconeus 
muscle). The respiration is accelerated and shallow, with a dry painful 
cough; the pulse rate is increased to 72 to 100 or more, and still further 
increased after exertion. In severe cases cardiac weakness occurs without 
involvement of the pericardium, and is manifested by anemia and cyanosis 
of the mucous membranes, moderate congestion of the jugular veins, 
and slight oedema of the eyelids, throat and brisket (observed by 
Wenger in 20 per cent. of cases). Brenner found marked changes of 
blood pressure taken at the coccygeal artery. Neidinger observed 
albuminuria in 29 out of 33 cases, and Schultz and Biber neutrophile 
leucocytosis. The secretion of milk may be gradually diminished or 
suddenly suppressed. ‘There is rapid deterioration in the state of nutri- 
tion, with pronounced debility; cows in advanced pregnancy become 
continuously recumbent. Musterle observed epileptiform attacks in a 
cow. In the further course of the affection strength continues to 
decrease and emaciation to be progressive; the painful symptoms 
and fever may subside and the pulse and respiration become less 
rapid. 

Deviation from the usual course is sometimes observed, when the affection may begin 
suddenly with retching and vomiting, with the ejection of blood or ingesta, which may bring 
about suffocation by aspiration. Occasionally blood is passed per rectum (in Harm’s case the 
blood clots showed the impression of the mucous membrane of the reticulum), and in such 
cases there may be severe hemorrhage. In a-case of Eber’s an animal with perforation of the 
oesophagus was suddenly affected with paralysis of the tongue and inability to swallow. More 
frequently the disease begins with symptoms of overfilling of the rumen or acute meteorism if 
the perforation has taken place when the rumen is well filled. In breeding animals, in conse- 
quence of the frequency of injury to and consequent inflammation of the posterior and lateral 
parts of the reticulu.a (p. 88), the symptoms consist only in slight fever, slightly increased pulse 
rate, difficult breathing, reduced appetite, although a certain degree of rumination is maintained, 
debility, emaciation, and cedema of the abdomen anterior to the scrotum. 

In cases of insidious development, because of the slowly progressing 
penetration of the foreign body and its occasional arrest in the process, 
painful symptoms may be slight or absent, the affection then simulating 
indigestion, reaching its acme in 2 or 3 days and then rapidly disappearing, 
either permanently or temporarily. The clinical picture in such cases 
is that of insidious traumatic reticulitis, according to Weber, or simple 
trauma of the rumen and reticulum, according to Hofmann. More 
commonly, however, there are digestive disturbances of greater severity 
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in the form of atony of the fore-stomachs, which is characterised by 
alternate spontaneous improvement and aggravation; the recurrences may 
occur for weeks or months without any apparent cause, or they may appear 
after parturition, transportation, during service, etc., and are resistant 
to the usual treatment for affections of the fore-stomachs. Not infre- 
quently a circumscribed dulness is found in the reticular region (Fig. 10) 
on the left side, more rarely on the right or on both sides, in front of or 
behind the border of the lung. An exploratory puncture of this area often 
yields a sero-purulent fluid (abscess adjacent to ribs and abdominal 
wall). | | 
General symptoms may he absent or only slight, consisting chiefly in 
respiratory and circulatory functional changes. The secretion of milk, 


Fic. 10.—Dutness (T) IN THE UPPER RETICULAR REGION IN TRAUMATIC INFLAMMATION 
OF THE RETICULUM AND DIAPHRAGM. 


however, is much diminished, albuminuria and leucocytosis are often 
present, while emaciation and debility are observed only in some cases. 

Complications are not uncommon, and occur even in those -cases in 
which the digestive disturbances have been slight or have escaped 
observation. ‘Traumatic pericarditis is found in 20 per cent. or 50 
per cent. of the cases. According to Wenger, traumatic splenitis occurs 
in 14 per cent., and also hepatitis, in both of which affections the 
disease may assume an acute form, running a high temperature (40°5° 
to 41°5° C.), with rapid pulse and prostration. The spleen or liver 
in these cases is enlarged and tender to pressure. In some cases there 
is general acute or chronic peritonitis with effusion of fluid into the ab- 
dominal cavity (dulness on percussion, audible splashing sounds, and 
visible undulation on palpation of the abdomen, positive results following 
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exploratory puncture). In acute cases of peritonitis there is diffuse 
tenderness over the abdomen, and in sero-purulent inflammation an 
accumulation of gases (the products of putrefaction) between the rumen 
and the upper abdominal wall (so-called false tympanites). More rarely 
there is traumatic pleuritis, which may cause fatal hemorrhage or 
result in the evacuation of pus through the nose from rupture of an 
abscess situated between the reticulum and lung or in the lung itself. 
The absorption of pyogenic bacteria into the blood stream may give 
rise to septicaemia or pyemia or to inflammation in other organs, especially 
in the joints. 

In rare cases a more or less painful swelling of the skin, of doughy or 
firm consistence, develops in the region of the xiphoid cartilage, behind 
the left elbow or in the region of the left lower ribs, occasionally in other | 
parts of the body. After a time the swelling ruptures and discharges pus 
or foul-smelling fluid mixed with ingesta and sometimes containing the 
foreign body. The resulting fistula sometimes continues to discharge 
masticated food from the stomach cavity and closes gradually after weeks 
or months, after which recovery may take place or a cachectic condition 
may develop which is eventually fatal. In a case of Zieger’s the foreign 
body emerged behind the right elbow, in a case of Hostignek’s in front 
of the prepuce, without having caused any symptoms or abscess formation. 
In Vogt’s case, however, an abscess formed in the wall of the rectum. 
Wegner and also Leve reported abscess formation at the border of the 
sternum, and Mohr a case of abscess over the hip-joint. 3 

Course. Occlusion of the gastric openings by blunt foreign bodies 
is of short duration and may terminate in recovery in a few days if the 
foreign body is vomited or passed into the stomach, but in most cases the 
animal soon dies if the obstruction persists. Chronic atony of the stomach 
caused by blunt objects usually lasts for weeks or months, during which 
time the animal becomes more or less emaciated, but death may result in 
g to 17 days, especially in cases where the stomach 1s incrusted with sand 
or some similar substance. 

Inflammation caused by sharp and pointed foreign bodies often 
subsides in a few days or weeks when the wall of the stomach has not been 
completely perforated. More commonly, however, adhesions may form, 
which, according to Weber, usually give rise to adhesive perireticulitis, — 
which he distinguishes from traumatic reticulitis without perforation of 
the peritoneum. In complete perforation of the stomach wall complete 
resolution is rare, and only occurs when the foreign body slips back into 
the stomach or migrates under the skin, but as a rule the animal suffers 
from permanent digestive impairment. Apparent cure or improvement 
may be followed by recurrence, when a foreign body which has slipped 
back into the stomach causes another perforation. In this way, but more 
often through the migration of the foreign body and the complications 
which may arise, the symptoms and course of the case present great 
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variations. On the other hand, the issue may be hastened by advanced 
pregnancy, parturition, prolonged transport, and in breeding animals 
by copulation. 

The duration of the disease may be only a few days in the case of rapid 
perforation by foreign bodies, but is more usually weeks or months, and 
sometimes even years. 

Diagnosis. The cause of digestive disturbances due to blunt foreign. 
bodies may be surmised only by the history of the case. In some cases the 
diagnosis can be confirmed by the passage of sand, etc., in the feces. ‘The 
sudden development of meteorism on a normal diet always suggests obstruc- 
tion of the intercommunications of the fore-stomachs or of the pyloric 
orifice by hair or food balls, especially if it occurs in connection with 
licking phenomena in young animals. Exceptionally the origin of the 
affection is revealed by expulsion of the foreign body by vomiting. Ac- 
cording to Schauber, impaction of hair balls in the cardia of calves is 
indicated by the persistence of flatulence after the internal administration 
of tincture of veratrum (30 to 40 c.c.) three times daily. 

The clinical symptoms of gastro-peritonitis caused by sharp or pointed 
foreign bodies are characterised by their appearance without any previous 
errors in diet; by the sudden onset of severe, obstinate, variable and recur- 
ring digestive disturbances; the frequent presence of definite distension 
of the left flank; the weakness and irregularity of the movements of the 
rumen, and the characteristic rumbling and whistling sounds heard over 
it; the occurrence of spontaneous pain, especially on lying down, moving 
about, going down hill and during abdominal pressure, and aggravated 
on raising the hind quarters; the characteristic attitude and movement 
of the animal’s body (arching of the back, stretching of the head, 
anxious expression, cautious and uncertain gait); sensitiveness to pressure 
over the region of the rumen; the production of pain on percussion of 
the region of the rumen and diaphragm; increase of the pulse rate; rise 
of temperature; marked increase of cardiac action after brief bodily 
exercise; occasional muscular tremors in the shoulder region; emaciation 
without apparent cause; and albuminuria. None of the above symp- 
toms is pathognomonic unless accompanied by the accidental appearance 
of a foreign body under the skin, but by systematic and repeated 
observation of the varying clinical picture a probable diagnosis is 

possible. In other cases the advent of complications’ (pericarditis, 
pleuro-pneumonia, peritonitis, splenitis, hepatitis) will throw light on 
the diagnosis. 

In view of the difficulty and the importance of making an early diag- 
nosis certain auxiliary measures should, if necessary, be resorted to. In 
comparatively recent cases a test meal may be given consisting of coarse 
food, which causes pain. According to Oppermann, a temperature 
above 40° C. with a rapid pulse rate which persists in spite of the ad- 
ministration of antifebrin (50 to 100 grammes daily) indicates traumatic 
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gastritis. Exploratory puncture of the abdomen, recommended by 
Sallinger, at the lowest point to the right of the linea alba yields a serous 
fluid rich in leucocytes in recent cases with exudative gastro-peritonitis. 
The puncture may be performed with Salomon’s or with Gratzl’s trochar 
(Fig. 11). An aspirating syringe with long hollow needle may also be 
used in cases of circumscribed dulness in the region of the rumen or 
attachment of the diaphragm; if necessary, passing the needle in several 
directions till the fluid is reached. The presence of neutrophile leuco- 
cytosis in the blood indicates only the presence of suppuration or acute 
inflammation in the body, but in obstinate cases of digestive disturbance 
with other suggestive symptoms such leucocytosis signifies the existence 
of traumatic gastritis in the absence of any other obvious cause. In cases 
of insidious development and in cases of old encapsuled abscesses, how- 
ever, leucocytosis may be absent. Examination of the faeces for occult 
blood rarely gives positive results, and without other evidence of bleeding 
from the stomach or intestine is insufficient for diagnosis. ‘The method 
proposed by Kreutzer on experimental grounds, of detecting the presence 
of foreign bodies composed of iron by chemcial tests applied to the with- 
drawn stomach contents, has not been found practicable or reliable in 
actual practice. 


Fic. 11.—MopIF1ED SALOMON’s TROCHAR. 


Johne recommends the induction of tonic contractions of the fore- 
stomach muscles by administration of muscle stimulants in doses of 4 to 5 
times the usual quantity. ‘These drugs are best administered subcutane- 
ously, but may also be given by the mouth. ‘They include physostigmine 
sulphate 0-2 to 0°25 gramme subcutaneously in adult cattle), arecoline 
hydrobromide 0-015 to 0:03 gramme, veratrine sulphate o-10 to 0°15 
gramme (arecoline and veratrine are combined in various proprietary 
preparations). ‘Tartar emetic (8 to-10 grammes) may also be given in 
warm water by the mouth. ‘The tonic contractions of the fore-stomachs 
produced by these drugs are more or less indicative of traumatic gastritis. 
Other symptoms are painful manifestations (groaning, restless move- 
ments), increasing digestive disturbances and malaise, especially in recent 
affections; on the other hand, in older cases there may be absence 
of this reaction without any improvement of appetite, rumination or 
movements of the rumen. However, this method of diagnosis is not 
absolutely conclusive. The absence of painful symptoms with temporary 
improvement resulting from the favourable influence of gastric contraction 
is observed also in old cases of traumatic gastritis with slight adhesions 
and without abscess formation. On the other hand, such methods in 
healthy, but especially in tuberculous cattle, sometimes give rise to painful 
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symptoms, and after a few hours to loss of appetite. Again, these methods 
can be of diagnostic assistance only in cases which have not yet become 
chronic, when the increased contractions of the stomach cause stimulation 
of the nerve endings which have become sensitive through-acute or sub- 
acute circumscribed peritonitis, or when they give rise to migration of the 
foreign body. As, however, such interference in comparatively early 
cases may easily cause permanent exacerbation, and thereby prevent the 
possibility of cure, it should be reserved for chronic cases and such recent 
cases in which the value of the living animal does not greatly exceed the 
slaughter value, and consequently when the owner will suffer no great loss 
if slaughter becomes necessary after the test. 

G6tze states that laparoscopy (ccoeloscopy) is of no value in actual 
practice. | 

In differential diagnosis, severe cases of overfilling of the rumen and 
acute meteorism, and the different forms of atony of the fore-stomachs 
can be excluded by attention to the nature of the digestive disturbances, 
the artificial production of pain, and other distinctive signs already 
mentioned (p. 83). General acute peritonitis and  gastro-enteritis 
run an acute course with high fever and severe general symptoms, with 
pain over the whole abdomen; gastro-enteritis is also accompanied 
by diarrhoea, but a definite diagnosis is impossible. Affections of the 
abomasum (ulcer, circumscribed peritoneal adhesions, inflammation) 
often cause pain in the region of the right costal arch and right hypogas- 
trium, and are accompanied by complete loss of appetite and often only 
slight emaciation. Intestinal strangulation, intussusception, and torsion 
of the uterus give rise to severe colicky pains, and can be detected by 
rectal and/or vaginal examination; also when complicated by  peri- 
tonitis they give rise to pain over the whole abdomen. Severe pain in 
the right upper hypochondrium with extension of the liver dulness may 
be caused not only by traumatic gastritis, but also by hepatic abscesses 
of other origin or by acute distomatosis. Also, as in other acute affections 
of the thoracic organs (simple pleuro-pneumonia, pleuritis), there is pain 
in the thorax and often prolonged groaning expiration. Pulmonary 
tuberculosis is excluded when the physical signs in the lungs are limited 
to the posterior and inferior areas of the thorax; the pulmonary symptoms 
are preceded by digestive disturbances, and the tuberculin test is negative. 
Tuberculosis of the mediastinal lymphatic glands is usually easy to recog- 
nise (p. 51).- : 

Prognosis. Ifthesymptom complex is such that it permits of a fairly 
confident diagnosis, the prognosis is unfavourable. When complications, 
such as extensive adhesions or encapsuled abscesses, are present the pros- 
pect ofa cure isimprobable. There is also the possibility of death occurring 
suddenly, and therefore a necessity for continual supervision. By the more 
general adoption of operative measures, however, the number of recoveries 
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Treatment. ‘The relief of digestive disturbances caused by blunt 
foreign bodies is attained by methods similar to those employed 1n overfill- 
ing of the rumen (p. 71). Ifthe rumen contains sand, laxatives are useful 
(castor oil 500 to 1,000 grammes given in plenty of mucilage, with the 
addition of 10 to 20 grammes of veratrum rhizome). In a case of Meyer’s 
this treatment was sufficient to expel from the intestine a length of rope 
with a piece of wood attached to it, which had been swallowed. Such - 
methods of treatment, however, often fail. Obstruction of the intercom- 
munications of the fore-stomachs by foreign bodies is sometimes relieved 
by drugs which stimulate the gastric contractions (p. 72), but usually 
extraperitoneal incision of the rumen is necessary (vide infra), as also in 
cases which present the clinical picture of atony ofthe rumen. Recurrence 
is to be prevented by suitable preventive measures. 

In digestive disturbances caused by pointed foreign bodies treatment 
appears to be indicated in cases which are not far advanced and free from 
complications. The most favourable time for a successful result is within 
the first 10 days after the appearance of symptoms, but after this period, 
and when complications occur and cardiac weakness sets in, the prospect of 
recovery rapidly fades, because in cases of traumatic inflammation of the 
rumen and diaphragm after the second week any adhesions which have 
formed become fixed and afterwards fibrous, and persist in spite of removal 
of the foreign body, or an abscess may develop and become encapsuled 
in fibrous connective tissue. The indications for operative treatment 
depend on the duration of the affection, the general condition of the animal, 
and the use to which the an’mal is put. Operation is contra-indicated in 
animals fattened for slaughter, in farm animals of no value for breeding 
purposes, in the hopeless cases already described, and in cases with severe 
circulatory disorders when these do not soon show signs of improvement. 
The possibility of failure should not deter one from operative or other 
therapeutic measures, for in case of no improvement taking place in a short 
time the slaughter value of the animal is not very considerably diminished. 

_ In acute cases the forequarters of the animal should be raised about 
30 cm. on an inclined plane formed of planks, or a door which rests on 
a sloping bed of litter. The animal is kept in this position for 3 to 6 or 
8 weeks For the first 2 or 3 days the animal should fast, after which it 
should be given a diet consisting of 2 or 3 litres of lukewarm mucilaginous 
gruel 3 or 4 times a day, boiled or scalded oatmeal and barley with a 
third part of linseed meal, nutritious broth made of oatmeal mash, etc., 
or linseed gruel with milk, also turnips (a few slices at each feed). No 
rough fodder should be given for 1 or 2 weeks, and then only in gradually 
increasing quantities, or if this is refused a handful of hay may be given 
with the drinking water. 

Under these conditions the site of inflammation is more or less spared 
from injury owing to the diminution’ or complete suppression of the con- 
tractions of the fore-stomachs, the reduced action of the rumen, and the 
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reduction of digestive processes in the stomach contents which stimulate 
gastric movements and aggravate inflammation. Because of these cir- 
cumstances the foreign body is more easily enabled to slide back into the 
reticulum, or at any rate its further penetration is arrested (proved 
experimentally by Abelin). 

In addition to this treatment, sedative drugs may be administered 
(30 to 40 grammes tincture of opium three times daily), with if necessary 
sodium sulphate in water enemata per rectum. Accessory measures 
include wet compresses over the abdomen and friction in the region of the 
ensiform cartilage. By such treatment Arnold obtained go per cent. of 
recoveries, Blendiger 97 per cent., and Nordstrém 80 per cent. 

In some cases massage of the betaine is successful. ‘This is neiioniied: 
with the animal lying on its back, by means of deep pressure applied 6 to 
10 times from the ensiform cartilage to the umbilicus, by which procedure 
the foreign body is displaced. Hemprich performs massage with the 
animal in the standing position. In 60 of Schéberls’ cases, in only 2 
was massage unsuccessful in moving the foreign body into the reticulum. 
Merseth, Ester and Hemprich have also reported upon the beneficial 
effects of massage even in cases associated with pericarditis. 

Of the operative procedures the most practical method is that of 
G6étze-Obich-Hoffmann, in which the rumen is opened in the left flank 
extraperitoneally. The operation is performed under local anesthesia 
with the animal in the standing position. An incision about 10 cm. 
in length is made parallel to the posterior border of the last rib at 
a distance of 3 to 5 cm. from it, and 3 to 4 finger-breadths from the 
transverse process of the first lumbar vertebra. The incision is carefully 
carried through the skin and the depth of the abdominal wall until the 
peritoneum is reached. ‘The field of operation is protected by a manchette 
of muslin tissue covered with rubber sheeting. ‘The peritoneum is then 
incised to the same extent as the skin, forming an oval the size of the 
thickness of the arm, and its edges are attached to the rumen by a circular 
continuous suture. The rumenis then opened. The hand is introduced, 
and with it a raw potato attached to a thread for the purpose of picking 
up pointed foreign bodies. ‘The hand is then passed deeply into the 
reticulum and its whole reticular surface explored for foreign bodies. ‘The 
cesophageal groove and the opening between the reticulum and omasum 
are also systematically explored with the finger-tip, and any pointed 
foreign body found is imbedded in and removed by the potato, and also 
any blunt foreign body is removed by hand through the operation wound 
intherumen. At the same time the presence of local thickenings or adhe- 
sions of the wall of the reticulum, the size of the omasum, the condition of 
the border of the liver, and the presence of abscesses can be determined. 
After withdrawal of the hand through the opening between the reticulum 
and the rumen, the wall of the rumen and the spleen on the left side are. 
palpated. If an abscess is discovered, it is punctured from within and its. 
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contents aspirated through a hollow needle protected by a rubber sheath 
and connected with an aspirating syringe. After cleansing of the wound, 
the rumen is closed by interrupted silk sutures passing through the serous 
coat on each side and not penetrating the mucosa. The circular suture in 
the peritoneum is left on the rumen; the skin and muscles are united by 2 
or 3 strong silk sutures. A strip of lint is fixed over the wound by 3 skin 
sutures, and to the edges of the wound and adjacent parts skin antiseptics 
are applied. For the next 6 days after operation the animal is kept on a 
restricted diet of hay, turnips and green fodder, a muzzle being applied 
between feeds. In 3 or 4 weeks the circular suture in the peritoneum is 
removed by cutting and drawing it out of the upper angle of the wound. 
In the case of failure Bosshart recommends after closure of the wound in 
the rumen the introduction of the arm (after thorough disinfection) 
between the abdominal wall and the rumen as far as the reticulum for 
the removal of perforating foreign bodies and the loosening of adhesions. 
Hoffmann reported successful results in 56°45 per cent., Frank in 34°8 
per cent., Bosshart in 76 per cent., Schiittle in 6°75 per cent., and Maurer 
in 80°7 per cent. of cases operated upon by incision of the rumen. 

Both the older ventral operation and the later lateral methods of 
operation, according to Kiibitz (who was the first to expose the ensiform 
cartilage in the middle line and resect the eleventh rib), in spite of many 
favourable results (54:5 per cent. in Leve’s cases), are not satisfactory, 
on account of their complicated character, and also because the con- 
dition of the animal after operation is often adversely affected, recovery 
is sometimes incomplete, and the separation of adhesions by the hand 
introduced into the abdominal cavity between the reticulum and _ its 
surroundings is often unsuccessful and may even aggravate these conditions. 

Maneschi removed a sewing needle from an encapsuled abscess in a 
bullock by thoracostomy at the site of the sixth rib. 


Other Inflammations of the Fore-Stomachs (Ruminitis, 
Reticulitis, Omasitis) 


Apart from traumatic gastritis, primary inflammation of the fore- 
stomachs is very rare, but may occur after the ingestion of hot drinks 
(distiller’s mash), irritating plants or caustic drugs, also following external 
traumatic influences. Lichtenstern observed hemorrhagic inflammation 
in the omasum with blue-black discoloration of its folds following the 
ingestion of scalded food. Dieckerhoff observed diphtheroid inflammation 
of the fore-stomachs and cesophagus; because of a certain resemblance 
between the diphtheroid foci and trichophyton infection, it was considered 
possible that the affection originated from licking the skin of animals 
affected with trichophytosis. Sometimes diphtheroid and necrotic foci 
are found in the form of rounded, dark grey, dry fissured patches 1 to 7 
cm. wide and 2 cm. thick, which may leave radiating cicatrices in the 
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rumen and fenestrated perforations in the folds of the omasum. ‘These 
are effected by necrosis bacilli which gain entry through erosions in the 
mucous membrane, sometimes caused by swallowed sand, in which 
instance cases may appear enzootically. Joest reported 2 cases of cirrhotic 
inflammation with ulceration. 

Inflammation of the fore-stomachs most commonly occurs as a second- 
ary affection in the course of certain specific diseases (foot-and-mouth 
disease, cattle plague, malignant catarrhal fever, sheep-pox), also after 
gastric atony, overfilling of the rumen, and traumatic gastritis. ‘Tuber- 
culous ulcers in the omasum have also been described. 

The symptoms closely resemble those of gastric atony, with the difference 
that repeated vomiting occurs; there is also diffuse tenderness of the fore- 
stomachs and fever. Appetite and rumination are partially or completely 
suppressed, while thirst may be either increased or absent. In cases where 
the cesophagus is involved there is dysphagia. Inflammation of the 
omasum due to scalding causes inability to swallow, pharyngeal 
angina, salivation, vomiting, loss of appetite, reduction in rumination 
and peristalsis, and runs an unfavourable course. In the majority of 
cases the animals recover in 8 to to days. If inflammation has extended 
more deeply, diarrhoea sets in, the pulse rate is increased to 80 to 100, 
and the animals die in 2 or 3 weeks from peritonitis or from ultimate 
exhaustion. 


3. Acute Gastric Catarrh (Catarrhus Ventriculi Acutus) 


(Status gastricus ; Dyspepsia acuta) 


Owing to the still imperfect diagnosis of the individual affections of 
the stomach, the term gastric catarrh is applied not only to acute inflam- 
matory conditions of the gastric mucous membrane, but also to functional 
disorders of the movements of the stomach and the secretion of gastric 
juice. 

Etiology. Primary gastric catarrh, including catarrh of the abomasum 
in ruminants, is most commonly due to errors in diet and insufficient 
mastication of food, especially in dogs and swine, less often in horses. 
Irregularity of feeding and interference with mastication and rumination, 
especially during the change of dentition, dental anomalies, especially in 
horses, and some forms of stomatitis may also cause gastric catarrh. 

Overloading of the stomach occurs chiefly in carnivora and swine, 
but may also occur in horses from a sudden change to palatable fresh 
food, rich pasture, clover or alfalfa fields, or from excessive consump- 
tion of corn. On the other hand, prolonged hunger may cause gastric 
catarrh, and this condition is known to be frequently associated with 
starvation. 

Other causes of gastric catarrh are represented by extremely cold or 
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too hot food (distiller’s mash, frozen potatoes or turnips, frosted grass, 
ice-cold water, hot infusions); also damaged food, such as mouldy or 
sandy hay, mouldy cereals, moist decaying straw, fermenting green feed, 
decomposed potatoes and turnips, rancid milk, fermenting slops and foul, 
stagnant water. 

Unsuitable feeding often causes gastric catarrh, especially in cattle; 
for example, excessive amounts of distiller’s mash, germinating malt, 
turnips, bran, potatoes, household garbage, leaves and bulbs, and also 
exclusive feeding with straw. In horses, feeding with maize, rye, bran, 
groats, leguminous pods and dried turnips is harmful, especially without 
previous accustoming of the animal to such food. Under such circum- 
stances even fresh oats and hay appear to be detrimental. In swine 
large quantities of kitchen garbage are harmful. 

Foreign bodies are seldom concerned in gastric catarrh, although 
bone splinters in carnivora and plant spicules in herbivora may cause 
irritation. ‘The same may occur with caustic drugs and drastic purgatives, 
tartar emetic, calomel, arsenic, and strong alkalis or acids. 

Sometimes gastric catarrh appears in the form of a febrile primary 
infection affecting several animals simultaneously, as in cases observed 
in horses by Lange. , 

Over-exertion may be an indirect cause of gastric catarrh because of 
reflex inhibition of evacuation of the stomach contents and secretion of 
gastric juice. 

Under the term “ periodic anorexia” (“‘ food weariness,” Floriot), 
Sustmann has described an affection manifested exclusively in loss of 
appetite occurring chiefly in young and active saddle and draught horses, 
and affecting several animals simultaneously or successively after great 
physical exertion—e.g., in military horses after changing from track work 
to field work. A similar affection has also been observed after sudden 
changes in weather and temperature. 

Individual differences in susceptibility explain the fact that while 
well tended and conditioned animals, as well as those of strong constitution, — 
withstand the action of the above-mentioned influences without harm, 
equally robust animals belonging to the same stud or herd become- 
affected. 

Secondary gastric catarrh frequently accompanies acute infectious diseases. 
It also occurs in chronic exhausting disease of the heart, lungs and liver, 
in affections of the fore-stomachs in ruminants, and in the presence of 
animal parasites in the stomach. 

Pathogenesis. Some of the causes mentioned (over-exertion, over- 
loading of the stomach, exhausting and infectious diseases, etc.) may act 
directly or reflexly through the action of the sympathetic, and so effect 
inhibition of gastric contractions and secretion of gastric juice, and 
consequent loss of appetite, without producing any inflammatory changes 
in the mucous membrane. 
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In. most cases, however, there 1s mechanical, chemical or thermal 
irritation of the mucous membrane, manifested by hyperemia, more or 
_ less pronounced migration of leucocytes, effusion of an albuminous fluid 
into the cavity of the stomach, increased secretion of mucus and diminu- 
tion of the formation of gastric juice. The physiological movements of the 
stomach are also mechanically impeded by excessive quantities of food, by 
cearse, dry or extremely cold food material, and also by different pre- 
formed products of decomposition introduced into the food or formed 
within it, which still further interfere with the secretion of gastric juice. 
The irritation of the mucous membrane combined with that caused by any 
simultaneous expansion of the stomach wall causes belching, in some 
animals also irritation of the vomiting centre, and thereby regurgitation 
and vomiting. 

The frequently insufficient mastication and mixing of the ingested 
food with saliva and its consequent incomplete exposure to the action of 
the gastric juice, which itself is already deficient both in quantity and 
quality, together with the functional motor impairment of the stomach, 
soon give rise to decomposition of the food material with the formation 
of carbonic, acetic, lactic and butyric acids, as well as certain irritating 
and sometimes toxic products of protein catabolism, some of which, 
however, may have already been formed in the ingested food. Food - 
material in this condition may, during its further passage, set up inflam- 
mation of the intestinal mucous membrane. Further, the passage of the 
stomach contents into the intestine takes place only at long intervals, and 
consequently reflex inhibition of the peristaltic movements of the intes- 
tine by the sympathetic becomes prolonged, provided no intestinal catarrh 
supervenes. 

Substances which give rise to fever (bacterial endotoxins, products 
of protein catabolism) are readily absorbed into the general circu- 
lation only after the ingestion of damaged foodstuffs or extensive decom- 
position of the stomach contents, or in cases of infectious catarrh of the 
gastric mucous membrane. 

Anatomical Changes. These include intense reddening, serous 
infiltration and loosening of the tissues of the mucous membrane, and the 
presence of profuse, tenacious, glairy and sometimes purulent mucus. 
The folds of the mucous membrane are thickened and in some cases 
present small hemorrhages or hemorrhagic erosions. 

Symptoms. The appetite is diminished and may be depraved, as 
evinced by a craving to lick various substances and to eat unnatural and 
even nauseating matter; or only certain unusual foodstuffs may be 
accepted. ‘Thirst may be diminished or increased (especially if vomiting 
be in evidence). ‘The temperature remains normal or rises only slightly, 
and occasionally pyrexia of the remittent type is shown. 

In horses there is often yawning accompanied by a perverted appetite. 
Very occasionally retching or even vomiting is exhibited. ‘The secretion 
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of saliva is increased, the tongue coated, and the breath has an offensive 
odour. In mild cases the symptoms are characterised by infrequency 
of intestinal sounds, moderate constipation, with small, dry, glazed balls 
of feces, diminution in the excretion of urine, and often an_ icteric 
coloration of the visible mucous membranes, due to involvement of the 
duodenum. 

Ruminants exhibit acute discomfort, the stance is awkward, their 
coats are rough, their hides dry, and occasionally they show signs of 
dull abdominal pain. The conjunctive are reddened and often show an 
‘icteric discoloration, the pulse rate is increased, and in severe cases the 
pulse may be imperceptible. ‘The secretion of milk becomes suddenly 
decreased to one-half or less and later is entirely suppressed. 

Other symptoms are slow, infrequent and irregular or completely 
suppressed rumination, belching of offensive smelling gases, sometimes 
with an odour resembling that of onions, rarely vomiting. The left flank 
is depressed or moderately tense, but not actually distended. ‘The move- 
ments of the rumen are less frequent and weaker, but become normal 
after it is filled. ‘Tenderness is sometimes present in the region of the 
abomasum under the margin of the right costal arch. In all cases there 
is slight constipation, 

In carnivora vomiting is a regular symptom and this may be followed 
by rapid improvement and recovery. In other cases, however, the 
vomiting occurs only after the ingestion of food or water, more rarely 
independently of this, and often only results in the expulsion of tenacious 
glairy mucus, sometimes mixed with blood and bile.. The tongue is 
coated and there is an offensive smell from the mouth. ‘Thirst is intense, 
the region of the stomach under the left costal arch or behind the ensiform 
cartilage is tender to pressure, defecation is retarded and the urine 
contains excess of urates. 

In swine the symptoms are similar to those in carnivora. The tail is 
pendulous and the animals crouch under their straw and exhibit marked 
thirst. 

In rabbits, in addition to loss of appetite and increased thirst, the 
animals exhibit perverted appetite, in that they lick and gnaw lime- 
washed walls, and eat straw or manure, and sometimes there 1s vomiting, 
slight distenaon and tenderness of the abdomen: retarded defecation, Dat 
sometimes diarrhoea and icterus. 

Course and Prognosis. Primary acute gastric catarrh usually runs 
its course in a few days and terminates in recovery in I or 2 weeks. How- 
ever, an absolutely favourable prognosis cannot be given from the outset, 
because inflammation of the stomach may lead to intestinal catarrh, 
which may represent a serious affection in young and in old animals, and 
may occasionally Pecome chronic. ain secondary gastric catarrh the 
prognosis depends on the nature of the primary affection. 

Diagnosis. ‘This is simple and often possible by a consideration of 
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the history. The simultaneous presence of gastric and intestinal catarrh 
is recognised by the acuteness of the intestinal sounds, the occurrence of 
diarrhoea and icterus and occasionally abdominal pain. Gastric catarrh 
is distinguished from independent intestinal catarrh by the predominance 
of disturbance of the appetite, the occurrence in some animals of vomiting 
or eructation, the tenderness to pressure of the gastric region, and the 
reduced frequency of peristalsis with moderate constipation. In rumi- 
nants there may be some difficulty in distinguishing it from affections 
of the fore-stomachs, but as a rule tenderness to pressure in the region of 
the abomasum in association with icterus points to catarrh of the abo- 
masum if at the same time the left flank is depressed, or at least not unduly 
distended, and the movements of the rumen are not appreciably dimin- 
ished; occasionally also errors in diet may be discovered which are 
known by experience to give rise to catarrh of the abomasum. Inflamma- 
tion of the stomach is distinguished by the more severe symptoms, the 
extreme debility, and the rapid and feeble pulse; traumatic gastritis by 
the sudden appearance of severe digestive disturbances in the absence of 
dietetic errors, the pronounced disturbance of the function of the fore- 
stomachs, the tenderness to pressure in the region of the reticulum, the 
obstinate persistence of the symptoms and the great variations in its 
course. 

Treatment. For the first 2 days the animal should be given no food, 
and after this only easily digested food in small quantities. For herbivorous 
animals the following are suitable: fresh green fodder (without clover), 
roots, oat straw, thin salted meal or bran gruel, oatmeal or barley broth 
with a little salt, linseed cakes. Swine may be given scalded barley or 
maize groats. Carnivora should have pure meat broth, milk with rice, or 
sago, oatmeal porridge with the addition of fat and salt, and grated meat. 
Pet dogs may be given meat broth containing peptone. The amount 
of water should be restricted, except in ruminants, in which its action 
is beneficial, and in which thirst may be stimulated by allowing the 
animals to lick salt or by giving them salted meal drinks. ‘The animals 
should be allowed adequate rest combined with moderate exercise in the 
open air. The periodic anorexia of horses (‘‘ food weariness ’’) requires 
avoidance of over-exertion with gradual conditioning of the animals to 
more strenuous muscular exercise. 

In overloading of the stomach in swine and carnivora emetics are 
indicated, such as subcutaneous injection of apomorphine hydrochloride 
(0-05 for young; o-1 for older pigs [not always reliable]), 0-005 to o-o1 
gramme for dogs; 0-002 gramme for cats. Reflex emetics, which act 
by irritation of a sensory receptor such as the endings of the vagus in 
the stomach (for example, ipecacuanha, tartar emetic, mustard, etc.), 
are much less serviceable for the purpose and are now very much. less 
commonly employed. Sometimes vomiting may be induced by the 
‘administration of large quantities of hot water or saline solution. 
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Lavage of the stomach can easily be performed in carnivora, horses 
and sucking pigs, and in overfilling of the stomach is always to be 
recommended (see Dilatation of the Stomach). 

In horses and cattle the stomach contents can be evacuated by 
mild aperients, such as sodium or magnesium sulphate; in smaller 
animals (calves, foals, sheep, goats and swine) castor oil is a useful and 
safe aperient; for dogs and cats calomel is often employed. [Many 
practitioners consider that castor oil should on no account be given to 
dogs and cats suffering from gastric catarrh; in these animals it causes 
severe nausea and vomiting, and the bowels can be more satisfactorily 
moved by a glycerin suppository. Calomel is not well tolerated by 
the dog, for which animal grey powder is preferable.—ED. | 

In obstinate vomiting in dogs cracked ice to lick or small quantities 
of soda water or water containing bicarbonate of sodium should be 
offered. 

It is -generally recognised that during convalescence hydrochloric acid 
added to the drinking water is of benefit (for horses and cattle 10 to 20 
grammes, for sheep, calves and swine 2 to 5 grammes, for dogs 0:2 to 0:5 
gramme), also pepsin (for horses 5 to 10 grammes, for dogs o-o1 to 0°5 
gramme). Sodium or magnesium sulphate is also beneficial, especially 
in. horses (for horses 50 to 80 grammes, for cattle 200 to 250 grammes). 
To stimulate the secretion of gastric juice bitters may be given: 
calumba, also gentian root (horses 10 to 30, cattle 25 to 50, small 
ruminants 5 to 10 grammes in bolus or mixture), and in smaller 
animals tinctures of these and other bitters. 


4. Chronic Gastric Catarrh (Catarrhus Ventriculi Chronicus) 


From the clinical standpoint this term signifies long-continued or 
permanent secretory and motor disturbances of the stomach with or 
without inflammatory changes in the mucous membrane. 

“Etiology. Primary chronic gastric catarrh may develop from the same 
causes which produce the acute form, or when the action of these persists, 
as in continued feeding on damaged or unsuitable foodstuffs (withered or 
frozen green fodder and roots, mouldy hay, very dry bran groats or meal, 
hot distiller’s mash, germinating rye). Other frequent causes are affections 
of the teeth, especially in horses; less often chronic affections of the mouth, 
over-exertion, and the ingestion of sand with the fodder or drinking water. 
In horses “wind sucking’? may play an etiological role by causing 
paresis of the musculature and so prolonging the retention of the 
stomach contents. 

Secondary chronic gastric catarrh occurs as the result of stasis of the portal 
circulation in chronic affections of the liver, heart and lungs, and occasion- 
ally in chronic infective diseases (tuberculosis, swine plague, glanders),’ 
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chronic anemia and nephritis (due, according to Janssen, to the irritation 
of urinary constituents partly excreted into the stomach); in young horses 
it may follow strangles. Animal parasites often cause chronic gastric 
catarrh, and may produce ulceration. 

Anatomical Changes. The gastric mucosa, especially in the pyloric 
region, is covered with a tough grey, firmly adherent mucus deposit some- 
times resembling pus or streaked with blood. The mucosa itself is uni- 
formly or partially of a dark reddish-brown colour. In advanced cases 
it is grey, more or less thickened, and presents an irregular, uneven and 
wrinkled surface, the folds of which cannot be stretched out (gastritis 
hypertrophicans). In one case reported in a horse the stomach wall 
was three times its normal thickness, and the mucous membrane of the 
right half as well as that of the duodenum had an appearance resembling 
bacon. Because of the irregular formation of new connective tissue in 
advanced cases the surface of the mucous membrane assumes a warty 
or mammillated appearance (gastritis proliferans s. verrucosa s. polyposa). 
Very rarely the mucous membrane is pale and attenuated (gastritis 
atrophicans). Not infrequently there is chronic dilatation of the 
stomach. 

In cases described by numerous French veterinarians as gastritis hyperplastica of horses, 
which appears to be a not uncommon form of chronic gastric catarrh, the stomach may 
be dilated or diminished in size and the mucous membrane is to a greater or less extent 
uneven and warty, sometimes resembling crocodile skin, or in other cases raised in folds 
4 to 5 cm. high and studded with small depressions like umbilicated pustules. Sometimes 
the duodenum is similarly affected. Microscopic examination shows atrophy of the pepsin 


glands and metamorphosis of them into mucous glands, also leucocytic infiltration beneath 
the glandular layer. 


“Symptoms. In the horse the animal shows lassitude, a variable or 
diminished appetite, sometimes a perverted appetite. Later there is 
emaciation, especially in animals at work, a pale yellowish coloration of 
the mucous membranes and diminution in girth. The coat becomes 
rough and loses its gloss, sometimes there is abdominal pain, the tongue 
is coated and there is a sickly odour from the mouth, moderate constipation 
may alternate with diarrhoea. Occasionally the animal exhibits convul- 
sive attacks or may be vertigo (vertigo abdominalis). 

In gastritis hyperplastica of horses the animal becomes emaciated in spite of a good or increased 
appetite and the girth is increased; in other cases the appetite is diminished and the abdomen 
contracted. Occasionally colic and diarrhoea, or, on the contrary, constipation and attacks 
of vertigo are observed. ‘The secretion of saliva is always increased and the saliva is frequently 
swallowed (sialophagia). Frequent licking and sucking movements of the tongue (up to 100 


a minute) also occur between the feeds, also ‘‘ empty mastication’”’ and yawning. ‘These phen- 
omena can also be produced artificially by tethering the animal to an empty manger. 


In ruminants sand accumulation in the stomach is observed similar to 
that in the horse. In catarrh of the abomasum there is diminution of 
appetite and rumination, depraved appetite, constipation alternating with 
diarrhoea, and reduced secretion of milk. Emaciation follows and the 
condition may terminate in death in a few weeks or months. 
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In carnivora, the symptoms generally consist in a variable appetite and 
digestive disturbance. ‘There is occasional vomiting, especially directly 
after ingestion of food. 

Course. Purely motor and secretory functional disturbances due 
to improper feeding, dental defects, over-exertion and air-swallowing 
soon disappear after removal of their causes, but in chronic cases and those 
which have persisted for a long time the prognosis is not so favourable, 
owing to the development of permanent tissue changes. 

Diagnosis. <A definite diagnosis can be made only when digestive 
disorders of other origin can be excluded. Attention should be paid to 
errors of diet, variations in appetite independent of external causes, morbid 
changes in appetite, and in carnivora to the occurrence of vomiting after 
moderate feeding; also to the circumstances of feeding and to the condi- 
tion of other organs. 

Treatment. Regulation of the diet is of greater importance than 
the administration of drugs in the treatment of chronic gastritis. ‘The 
most suitable foodstuffs are those which are fluid, soft or pulpy, as they 
remain in the stomach only for a short time. For herbivora the foods 
most readily tolerated are fresh green fodder, soft hay, oat straw (not 
cut 1n too short pieces), with some oats bran or roots; cereals are less 
suitable, and if given should be slightly roasted, or fresh brewer’s mash 
or bruised barley meal may be given. Sometimes oatmeal gruel with 
the addition of diastase is useful (for horses + kg. oatmeal is mixed in a 
litre of cold water, 2 litres of boiling water added, and the mixture then 
cooled to 55° C.; 13 grammes of diastasolin or diafarin dissolved in a 
glass of lukewarm water are added, and in 20 to 30 minutes the starch 
is converted to sugar). For carnivora, meat broth with the addition of 
yolk of egg, finely minced and salted meat, and milk foods are suitable. 
Any cause of defective mastication must also receive attention. 

Drugs should be given only to assist the dietetic measures. With this 
object hydrochloric acid may be given in small doses (for large animals 
10 to 15 grammes, for small animals 0:05 to 0-6 gramme), either in the 
drinking water or diluted to 1 in 2503; in some cases pepsin may be added 
(5 to 10 for large or o-o1 to 10 gramme for small animals). Neutral 
salts are also to be recommended, such as common salt (either to lick or 
in the form of powder in the food), artificial Carlsbad salts (for horses 
30 to 50 grammes in the food or in bolus, for ruminants 50 to 80 grammes 
in the drinking water). ‘These should be given for a week half an hour 
or an hour before food. Bitters (gentian, rhubarb, calumba) may be 
added to the neutral salts. In ruminants the treatment described for 
atony of the stomach (p. 84) may prove beneficial. | 

For carnivora, hydrochloric acid (5 to 10 minims in water soon after 
feeds), bitters—e.g., tincture of calumba may be usefully employed— 
neutral salts, especially Carlsbad salts (a teaspoonful daily in warm water 
on anempty stomach). When fermentative processes are present, salicylic 
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acid (0-2 to 0-5 gramme before feeds), resorcin (o'1 to 0-2 gramme), 
creosote (oI gramme), naphthalene (0-1 to 0°3 gramme) in repeated 
doses are useful. 

Gastritis hyperplastica of horses may be successfully treated by Hayem’s dialytic method as follows: 
In early cases Solution I. (sodium bicarbonate 2°5, sodium sulphate 3:0, sodium chloride 1:0, 
water 1,000) is used; in protracted cases Solution II. (sodium sulphate 3:0, sodium chloride 5:0, 
water 1,000); and in cases with pronounced intestinal disturbance Solution IV. (sodium sulphate 
5:0, sodium chloride 3:0, water 1,000). ‘Three litres of the solution at lukewarm temperature 
are given every morning at least an hour before feeding, and for a period of a month at the. 


most. According to the author’s personal observations the solution was in many cases taken 
voluntarily by the horse; it also proved beneficial in other forms of gastric catarrh. 


Deficiency of Grit in the Gizzard of Birds 


This affection, described by Sever and Schneider, manifests itself by 
symptoms of digestive and nutritional disturbances similar to those of 
chronic gastritis, and not infrequently ends fatally. It is characterised 
by an insufficiency of grit in the content of the muscular stomach (gizzard) 
as regards quantity, size and surface area. In graminivorous birds 
especially grit is necessary for the purpose of grinding the food before the 
completion of chemical digestion, and under natural conditions its ingestion 
commences immediately on emergence from the egg and gradually increases 
till the bird is fully developed, after which it remains uniform. 

JEtiology. Under unsatisfactory conditions of management on 
poultry farms, a deficiency of grit in the gizzard may occur as a result of 
neglect to maintain a supply in the pens. In such conditions the content 
of grit in the muscular stomach becomes gradually diminished till it 
disappears, when the birds seek for substitutes in the form of sand and 
other unsuitable substances (pieces of metal, glass, cinders and coal, 
fruit stones and brick-dust) which set up digestive disturbances. The 
corn or coarse fodder, which is partly softened in the crop, remains in 
the muscular stomach unpulverised and is only incompletely digested 
by the gastric juice, reaching the intestine in a semi-digested condition. 
Consequently, nutrition is definitely impaired. 

Anatomical Changes. The muscular stomach is atrophied owing 
to the loss of muscular contractions stimulated by the presence of the grit. 
It may be either empty or may contain a few pieces of gravel and foreign 
bodies, but more frequently it is filled with pulpy corn or conglobate 
masses of plant particles, or it may be full of sand. ‘The intestine is some- 
times empty, but more often contains undigested stomach contents, and 
may be obstructed by masses of corn or sand. Intestinal catarrh or 
hemorrhagic enteritis is not uncommon. Occasionally the muscular 
and the glandular stomachs, together with the crop, are transformed 
into a sac filled with foodstuff. The gall bladder is commonly en- 
larged. 

Symptoms. In poultry farms the symptoms usually appear during 
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breeding time when the young birds are hatched, and in the case of arti- 
ficial incubation when they are a few days or weeks old. ‘The young birds 
appear sluggish, with drooping wings and sometimes a peculiar mincing 
or unsteady gait. Sometimes there are rapid movements of the crop, 
and a cyanotic coloration and withering of the comb. As a rule there is 
loss of appetite, but in obstruction of the muscular stomach by plant 
particles the appetite may remain normal, owing to the sensation of hunger 
induced by the empty intestine; but later, food may be refused, when 
symptoms of obstruction of the crop appear. In other cases the crop is 
normal or even reduced in size, and of soft consistence. In complete 
gastric or intestinal obstruction the feces consist of white, slimy masses, 
or there may be diarrhoea. On palpation of the abdomen the muscular 
stomach 1s soft, reduced in size and displaced towards the thorax. Less 
often plant particles can be felt in the crop, and occasionally an accumula- 
tion of sand, causing an increase in its size. Very rarely a hard sausage- 
shaped obstruction of the intestine can be felt in the abdomen. Emacia- 
tion develops rapidly, especially in young birds. 

Cases without accumulation of sand and with sustained appetite may 
recover, otherwise death usually occurs from exhaustion. At one Re- 
search Institute, grit deficiency was established as the cause of death 
in 10 per cent. of cases of sand accumulation in birds. 

Diagnosis. This is established by supplementing the clinical findings 
by examination of the conditions under which the birds can obtain the 
necessary gritty material, also by X-ray examination. 

Treatment. In early cases a supply of gritty material, together with 
a diet of easily digestible and preferably cooked soft food, may lead to 
early recovery. If the birds show no desire to ingest calcareous material, 
this should be mixed with palatable food. The condition may be pre- 
vented in other birds by attention to the supply of grit. In this connec- 
tion the investigations of Sever and Schneider are of interest. According 
to these observers, rough grit to a total weight of 0-05 to 0-28 gramme, 
according to the age of the birds, administered to young chickens, or 
7 to 25 grammes to adult fowls, correspond to the physiological require- 
ments. In ducks, stones measuring up to 9 mm. and of a total weight of 
11 to 14 grammes can be given; in geese a total of 19 to 28 grammes; in 
turkeys 32 grammes; and in pigeons 1 to 7 grammes. In some cases 
irrigation or incision of the crop may be necessary. 


5. Acute Distension of the Stomach (Dilatatio Ventriculi Acuta) 


(a) Acute Distension of the Stomach in Horses 


Acute distension of the stomach in horses occurs either as the result 
of ingestion of unusually large quantities of food, or from obstruction to 
the evacuation of the stomach contents; the stomach is distended beyond 
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its physiological extent, but returns to its normal size after removal of the 
cause. : 

Occurrence. ‘This affection, also known as overfilling or impaction 
of the stomach, occurs chiefly in improperly and irregularly fed horses. | 
This explains its frequent occurrence in large towns, where the care, 
feeding and employment of horses are unnatural in many respects. It 
also occurs in army horses, especially during manceuvres, owing to 
unavoidable irregularity in feeding, but is comparatively rare in well- 
managed studs. 

At the clinic at Budapest, acute distension of the stomach is seen annually in 11 to 21 per 
cent. of horses affected with colic. In Berlin, Behrens found 10 per cent.; in Vienna, Wirth 


reported only 2 per cent.in 10 years; in Stockholm, Carlstr6m gives 0-7 per cent. as the percentage 
during the war and 9g per cent. after the war (1918). 


Etiology. Primary acute distension of the stomach may be caused by the 
ingestion of unusually large quantities of fodder such as oats, also by large 
feeds of fresh hay or aftermath and by grazing on rich pasture. 

In the majority of cases, however, the cause lies not in the quantity, 
but in the quality of the food, and especially in sudden changes of diet. 
Foods liable to cause this condition include indigestible foodstuffs (rye, 
corn cobs, marsh hay, coarse straw); foodstuffs lable to swell, such as 
bran, peas and beans and unsoftened dried turnip chips; food liable to 
form conglomerations, such as short cut chaff with maize or barley meal; 
also fermentable food, such as young withered clover tops, lucerne, espar- 
sette, turnips and potatoes, heated fermenting grass and green fodder, 
molasses, maize meal and bread. Decaying food, such as moist mouldy 
oats, hay or distiller’s mash, may also have an injurious effect. Occasion- 
ally ice-cold drinking water and also swallowed air (‘‘ wind sucking ’’) 
may give rise to acute distension of the stomach. The condition may 
be caused by over-exertion or heavy work immediately or soon after 
feeding. Tangl and Scheunert have shown experimentally in horses 
that under such conditions the evacuation of the stomach is retarded, 
while there is also a marked increase in the diffusion of water from 
the stomach contents, which have become hypertonic through the 
increase of molecular cleavage products during the prolonged di- 
gestion. 

Dental defects may also lead to distension of the stomach when they 
interfere with the mastication of food without causing any diminution of 
its ingestion. | | 

Individual horses present considerable variation in their susceptibility 
to the condition, due to variations in the functional capacity of the gastric 
musculature. 

Secondary distension of the stomach is often seen in cases of intestinal ob- 
struction, also in intestinal displacements, fecal impaction and distension 
of the colon. In these affections its frequency of occurrence is greater 
the nearer to the stomach the intestinal affection is situated. In such con- 
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ditions the intestinal contents may be propelled towards the stomach 
by antiperistaltic action, and in acute intestinal affections the evacua- 
tion of the stomach is prevented by reflex irritation. Distension 
of the colon also obstructs mechanically the evacuation of the stomach 
contents into the intestine by pressing the pylorus against the stomach 
wall. 

Pathogenesis. ‘The contents of the distended stomach tend to 
swell and ferment owing to insufficient mixing with the gastric juice and 
this leads to the formation of a varying amount of gas. At the same time 
the mucous membrane is stimulated to an increased excretion of water 
into the viscus by the bacterial decomposition of the remaining products 
of digestion. These factors lead to stretching and distension of the 
stomach, and the irritation of the mucous membrane by products of decom- 
position sets up reflex contractions of the gastric muscles, producing 
colicky pains. ‘These may be very severe and recur at short intervals, 
but are not intensified by a sudden increase in abdominal pressure (such 
as may be produced by the animal’s throwing itself down or rolling). 
When the stomach contents are dry and there 1s less formation of gas and 
irritating substances, this gastric colic is absent or only of mild degree and 
is similar to that caused by the ingestion of ice-cold water. Owing to 
the pressure of the stomach on the thorax the movements of the diaphragm 
are impeded, with consequent interference with respiration. At the 
same time the negative intrathoracic pressure is reduced, the cardiac 
diastole is mechanically impeded, and in this way the filling of the 
ventricles of the heart with venous blood is interfered with, causing a fall 
in blood pressure and increased rapidity of the heart beat. 

In increasing distension of the stomach the stomach wall may eventually 
rupture, especially in cases where loss of tissue has occurred (gastrophilus 
larvee or ulcers), causing reduced power of resistance. More often, how- 
ever, rupture is caused by a sudden increase of intra-abdominal pressure, 
such as occurs as a result of the reckless casting of an animal, when the sur- 
rounding parts of the intestine do not give uniform support to the stomach 
and a sudden expansion of part of its wall may take place. Spontaneous 
rupture of the stomach from excessive contractions is also possible. Direct 
violence to the region of the stomach by the application of external force 
is a rare and only a secondary cause of rupture. 

According to the experiments of Dassonville and Brocq-Rousseu, the normal stomach of 
a horse carcase ruptured with a pressure of 26 to 40 litres of air or 10 to 17 litres of water, a 


pressure of 5 cm. mercury. Fayet and Gattend found an internal pressure of ;!; atmosphere, 
and Marek a pressure of 10 to 13°5 cm. mercury necessary to produce rupture. 


Anatomical Changes. The stomach is distended to several times 
its normal volume, its walls are tense as a drum and filled with a large 
amount of gas and ingesta. ‘The mucous membrane shows catarrhal 
changes and sometimes hemorrhages. In rupture of the stomach, gastric 
contents mixed with blood are found in the anterior portion of the 
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abdominal cavity or in the great omentum. ‘The peritoneum is acutely 
inflamed, sometimes in different degrees. ‘The rupture almost always takes 
place in the greater curvature (this was also the site of the ruptures pro- 
duced’ experimentally by. Dassonville, Brocq-Rousseu and Marek). The 
edges of the rupture are swollen, ragged and covered with blood. The 
opening is largest in the serosa, smaller in the muscularis, and smallest 
in the mucosa. According to Joest, it is sometimes largest in the mus- 
cular coat and is then associated with extensive subserous hemorrhage. 
In rare cases the peritoneal coat only is ruptured, or there may be a 
separation of the muscle fibres at the greater curvature or near the cardia. 
Sometimes the diaphragm is ruptured, with prolapse of the ce 
organs into the thorax. 

Symptoms. Primary acute distension of the stomach usually mani- 
fests itself within 4 to 7 hours after the ingestion of food, with symptoms 
of colic which are generally very severe and with very short intervals free 
from pain. The animal throws itself on the ground, rolls about and often 
squats on its haunches. Sometimes the colic,is slight, and in distension 
due to drinking excessive quantities of cold water may be entirely absent 
(Mouquet). The breath has a sour odour. Undulatory -movements 
towards the head are often observed in the jugular fossa, and in most cases 
there is belching, which may be produced artificially by massage of the 
jugular fossa in the direction of the head. On the other hand, retching 
and vomiting are rarely seen. Introduction of the stomach tube meets 
with no resistance, because the cesophageal muscles are relaxed, and 
gives vent to the evacuation of sour or foetid gases, especially hen the 
head is lowered; sometimes also of a reddish-brown fluid containing 
ingesta. 

The circumference of the abdomen is rarely or only creer increased. 
Intestinal sounds are less frequent, and in severe cases inaudible, except 
in the case of simultaneous intestinal catarrh or intestinal meteorism, 
when they are more intense. In spite of frequent reflex irritation occurring 
later, only occasional balls of faeces are passed, or there may be complete 
retention of feces. Rectal examination as a rule reveals only moderate 
distension of the small intestine, chiefly of the duodenum (which can be 
felt directly below the anterior mesenteric attachment in its course to the 
left side). Displacement of the spleen towards the pelvis as far as the level 
of the external angle of the ileum is often discovered; this, however, is not 
of pathognomonic significance. (Such displacement of the spleen may 
also be caused by reduced intra-abdominal pressure or by distension 
of the colon.) In small horses the diverticulum of the dilated stomach 
ean be felt-in front of the leit kidney and the base of the: spleen 
as a tense or hard globular body which moves synchronously with 
respiration. 7 

Respiratory dysfunction is usually early in evidence. The pulse 


becomes weaker and more frequent. ‘The temperature usually remains 
VOL.1f 8 
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below 39° C., except in cases complicated by gastritis. Bauer reported 
an increase of indican in the urine. 

The symptoms of secondary distension of the stomach are more or less 
obscured by those of the primary affection, and can usually only be recog- 
nised by the occurrence of belching, retching or vomiting and the results 
obtained by passage of the stomach tube. 

Course and Prognosis. In mild cases the symptoms subside in a 
few hours, except in those which are complicated by acute gastric catarrh, 


Fic. 12..-SEDIMENT FROM INTRA-ABDOMINAL FLUID IN RUPTURE OF THE STOMACH. 


(a2) Large, (b) small starch granules from cereals and leguminose; (c) starch granules from 
oats; (d) sarcine; (e¢) white, (f) red blood corpuscles, the size of which varies with the 
concentration of the stomach contents; (g) plant fibres; (4) bacilli; (¢) cocci. 


which may persist for some days; in other cases, however, acute gastritis 
develops, which may terminate fatally. Not infrequently pulmonary 
gangrene occurs as the result of the aspiration of stomach contents during 
eructation and vomiting. 

In 15 to 34 per cent. of severe cases the animals die after manifestations 
of continual restlessness and distress, which may be succeeded by a period 
of comparative quietude. However, by means of careful treatment even 


ACUTE DISTENSION OF THE STOMACH ne 


severely affected animals can be saved. The principal causes of death 
are asphyxia, rupture of the stomach, and more rarely rupture of the 
diaphragm. 

After complete rupture of the stomach the colicky pains suddenly 
cease, but the general condition becomes rapidly worse. ‘The animal be- 
comes feeble and giddy, trembles in its whole body, sweats profusely 
and refuses food (in 2 cases of Sequens appetite was maintained in spite 
of rupture). ‘The pulse rate rises rapidly to over 100 and becomes almost 
imperceptible; the temperature may at first be below normal, but rises 
later. Exploratory puncture of the abdominal cavity reveals the presence 
of a slightly hemorrhagic fluid of neutral reaction containing ingesta and 
starch granules (Fig. 12) On rectal examination the normal resistance 
of the upper parts of the abdomen is changed, owing to the presence of 
gas in the abdominal cavity. Ingesta can be felt on the peritoneum, 
which is rough and painful. Death usually occurs within an hour after 
rupture, but may be delayed for several hours. When the stomach 
contents escape between the layers of the mesentery death may not occur 
for some days, during which there develop symptoms of peritonitis. In 
a case observed by Fiebiger, laceration of the parietal layer of the peri- 
toneum led to general cutaneous emphysema. 

Rupture of the diaphragm is followed by sudden and severe dyspncea. 
On percussion a tympanitic sound, varying from time to time in intensity, 
or a circumscribed dulness is found, usually on the left side and behind 
the cardiac region (similar physical signs may occur without rupture of 
the diaphragm, when this is pushed forwards by excessive distension 
of the stomach). In exceptional cases animals survive after rupture of 
the diaphragm, in which case they present symptoms of diaphragmatic 
hernia. 

Diagnosis. Acute distension of the stomach is diagnosed by the 
appearance of colicky pains shortly after the ingestion of excessive or 
injurious foodstuff, or after exertion directly after feeding; the severity of 
the pains in spite of only moderate abdominal distension; the early accel- 
eration of the respiratory and pulse rates; the moderate degree of intestinal 
dilatation, belching, eructation and vomiting; and the results of examina- 
tion by the stomach tube. Belching, eructation and vomiting and the 
evacuation of gas and fluid by the stomach tube also occur in secondary 
distension of the stomach; on the other hand, belching, eructation and 
vomiting may be absent both in primary and secondary distension. In 
all cases, therefore, it is advisable to examine the abdominal organs per 
rectum, because other affections with symptoms of colic may cause similar 
symptoms shortly after ingestion of food. In the differential diagnosis 
the different forms of intestinal obstruction (axis rotation, volvulus, 
invagination, strangulation), severe forms of thrombosis and embolism, 
and other colicky affections have to be considered. 

Treatment. The evacuation of the stomach contents constitutes 


116 DISEASES OF DOMESTIC ANIMALS | 


the main object of treatment. Mild cases can be treated by purgatives 
such as aloes (25 to 30 grammes) in solution, or rhubarb (20 to 25 
grammes) alone or with neutral salts; the latter—e.g., sodium sulphate— 
should be given in moderate doses (200 to 300 grammes) and adminis- 
tered in a dilute ro per cent. solution. Forssell recommends 12 grammes of 
lactic acid (75 per cent.) given in } litre of water (in severe cases repeated 
every 4 to 2 hour), with the object of raising the acidity of the gastric con- 
tents and promoting their passage into the intestine; in severe cases, how- 
ever, this method is unsuccessful. Other drugs, such as physostigmine 
sulphate (0-06 to 0:08 gramme), arecoline hydrobromide (0-016 to o-1 
gramme), pilocarpine nitrate (0-15 to 0-25 gramme), may be administered 
subcutaneously. ‘These drugs 
should only be given in divided 
doses: physostigmine in 0-2 to 
0-03 gramme, pilocarpine in 
0:05 to 0-08 gramme, arecoline 
in o-o1 to 0-02 gramme. Pilo- 
carpine and arecoline should 
only be given after the ingestion 
of hard dry fodder, because in 
cases with increased excretion 
of water into the stomach these 
drugs may be detrimental by 
increasing the secretion of saliva 
and gastric mucus. Intravenous 
injections of chloride of barium 
should be particularly avoided, 
as they may lead to sudden 
rupture of the stomach by 
spasmodic gastric contractions. 
This has been observed in one- 
Fic. 13.—INTRODUCTION OF A STOMACH third of the cases. of colicky 
AMR gM HORSE. affections of horses formerly 
treated by this means. 

For the relief of pain and restlessness morphia (0-12 to 0-25 gramme) 
is not always suitable, because in some horses it causes slight convulsive 
attacks. Blain recommends 0-25 to 0-50 gramme morphine intravenously. 
More reliable, and also more useful for differential diagnosis, is the intra- 
venous injection of chloral hydrate (10 to 20 grammes), prepared in freshly 
boiled water and administered as a lukewarm 7 to 10 per cent. solution. 
Enemata of chloral hydrate 40 to 70 grammes, administered in starch 
mucilage, are less effective. ‘Tincture of opium and also atropine are 
prescribed. [Opium and its derivatives, because of their antiperistaltic 
action, are not favoured by British veterinarians.—Ep.] At the same 
time the animal must be continually watched to prevent it from throw- 
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ing itself down and rolling; also the patient should not be exerted, as 
this interferes with the evacuation of the stomach contents. 

In severe cases in which the above treatment is usually unsuccessful, 
and indeed in all cases of distension of the stomach, the gastric contents 
should as quickly as possible be evacuated by the stomach tube, if neces- 
sary combined with lavage. ‘This procedure is rational, easy to,carry out, 
and should therefore be practised in all cases of acute gastric distension. 
In primary and uncomplicated cases it affords immediate or speedy 
permanent relief, and in secondary cases temporary improvement. It 
is seldom necessary to repeat the operation. After the symptoms have 
subsided the animal should be kept without food ee a day and then given 
an easily digestible diet. 

Evacuation of the Stomach Contents by the Stomach Tube. For this purpose a thick tube, usually 
of red rubber, 2:25 metres in length and with an internal diameter of 16 to 20 mm. is used, 
This is kept rigid during introduction by a rod provided with a conical knob at its distal end. 
With the aid of three or four assistants the tube can be introduced without much difficulty 
in nearly all horses. Two or more assistants pull down the animal’s head and introduce a 
mouth gag, the cross-piece of which is wrapped in wool or tow. ‘The assistant holding the gag 
brings the head as nearly as possible in a direct line with the neck. ‘The tongue is then drawn 
out to one side and the end of the tube, lubricated with oil, lard, vaselin, or better glycerin, is 
_ passed carefully but rapidly along the hard palate into the pharynx and then slowly down the 
cesophagus till the length of tube introduced corresponds to the distance between the cardia 
and the incisor teeth. In the case of severe dyspnoea the head is flexed during the entry of the 
tube into the first part of the cesophagus in order to avoid passing it into the widely open glottis. 
After the entry of the tube a rattling sound is usually heard, but this is of no importance. If 
the tube meets with any resistance before reaching the derack, this may be overcome by slightly 
withdrawing the tube several times and then pushing forwards, or better by pouring 1 or 2 
litres of lukewarm water down the tube after removal of the rod. The tube should then be 
introduced deeply into the stomach. If necessary the evacuation of the stomach contents can be 
hastened by closing the free end of the tube during inspiration and opening it during expiration. 
By this means the suction action produced during the phase of negative intrathoracic pressure 
is brought into play by to-and-fro movements of the tube or its repeated introduction and with- 
drawal, or by pouring in 2 to 4 litres of water and then holding the horse’s head down before 
all the water has run in. By this means a syphon action is produced. The passage of the 
stomach tube must always be performed with care in order to avoid serious injury to the oesophagus 
or intrathoracic bloodvessels, or perforation of the wall of the stomach. 

Irrigation of the stomach is necessary for the removal of fermenting stomach 
contents. It is much more easily performed by the introduction of the 
tube by the nasal route; this is readily accomplished while the animal 
is in the standing position, its head being held by one or two assistants. 
‘The tube is introduced without a rod into the lower nasal passage as 
far as the pharynx, when by lowering the animal’s head and by the 
reflex movements of deglutition it usually passes easily into the ceso- 


phagus and then into the stomach. 


(b) Acute Distension of the Stomach in other Domestic 
Animals 


Occurrence. Acute distension of the stomach occurs frequently in car- 
nivora, especially dogs, also in swine, but rarely in rabbits and ruminants. 
AAtiology. In carnivora, swine and rabbits the cause is usually over- 
loading of the stomach with dry, indigestible or easily fermentable 
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food such as potatoes, bread, dog biscuits, blood, bran, withered 
green food, turnip-tops, and leguminous plants. Bruckmiiller found 
whole pigeons, including their claws and feathers, in the stomach of 
dogs, which died of suffocation in consequence of acute gastric dis- 
tension. 

In cattle, acute distension of the abomasum occurs rarely as a primary 
affection after the accumulation of dry fodder (Harms, Lindenberg, 
author’s own observations) when this passes through the narrow reticulo- 
omasal orifice directly into the abomasum without previous rumination, 
or when it has been insufficiently broken up and softened in spite of double 
mastication. Occasionally a similar condition may occur in gastric 
atony. In all these cases the coarse condition of the contents of the 
abomasum prevents the opening of the pylorus and the evacuation of 
the contents into the intestine. 

Anatomical Changes. The stomach is considerably enlarged and 
tense from accumulation of gas or food masses. In swine and rabbits 
it is sometimes lacerated at the greater curvature. In cattle the 
abomasum may be distended by foodstuff to a size nearly approxi- 
mating that of the rumen (in a case of Harms it contained 45 litres 
of dried fodder). Occasionally, rupture of the muscular and _ serous 
coats or complete rupture of the abomasum occurs, with consequent 
peritonitis. 

Symptoms. In carnivora overloading of the stomach does not often 
cause severe symptoms, because in such animals, and also in swine, the 
stomach is easily relieved of its superfluous contents by vomiting. In 
the absence of vomiting, the ingestion of an excess of coarse, dry food 
gives rise to salivation, distension, first of the left and then of the right 
infracostal region, and eventually of the whole abdomen, together with 
acceleration of the pulse rate, difficult respiration, moaning or whining, 
and a condition of general distress and anxiety. In carnivora and 
rabbits the distended stomach can be felt through the abdominal wall. 


There is often also distension of the intestine. In severe cases the. 


animal soon dies of asphyxia, while in milder cases its condition may 
gradually improve or be followed by acute gastric catarrh. 

The wheezing of fattened swine, according to Weisz, may be caused by acute distension of 
the stomach after ingestion of sour bran. It usually occurs a few hours after feeding, and is 
manifested by forced whistling respiration in the sitting position. ‘The animals become distressed 
and die in a short time. 

In cattle, obstruction of the abomasum causes complete loss of 
appetite, rumination and thirst, together with lassitude and sluggish 
movements. Harms observed frequent belching and vomiting. ‘The 
left flank may be deeply sunken, normal or level, but appears normal 
upon palpation. ‘The movements of the rumen are rather less 
frequent, but become normal after administration of gastric stimu- 
lants, and cause no change in the animal’s condition. A _ fairly 
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constant symptom is tenderness in the region of the abomasum. On 
the third day of the disease there is complete constipation, with 
acceleration of the pulse and moderate fever. The result is always 
fatal. 

Diagnosis. In carnivora, rabbits and swine the diagnosis can easily 
be determined by the history and the clinical symptoms. In dogs, torsion 
of the stomach can be excluded. Primary obstruction of the abomasum 
is indicated by complete loss of appetite, cessation of rumination and 
secretion of milk, by the slight degree of disturbance of the fore-stomachs, 
the failure of suitable remedies to influence the digestive disturbances, 
and the tenderness to pressure in the region of the abomasum. ‘The 
exclusion of acute affections of the fore-stomachs, however, always presents 
some difficulty. 

Treatment. In carnivora and swine the administration of emetics 
is often effective (apomorphine, veratrine, etc.). According to Aubien 
pilocarpine is useful in swine (0:06 to 0:07 gramme per 100 kg. body 
weight, in young pigs 0-02 gramme subcutaneously). Lavage of the 
stomach is necessary in some cases. In swine, care must be taken to 
avoid introduction of the tube into the eed pouch. According 
to Ullrich, lavage of the intestine is useful in promoting repeated vomiting 
(see Treatment of Constipation). In obstruction of the abomasum 
purgatives are of no benefit. 


6. Chronic Distension or Dilatation of the Stomach 
(Dilatatio Ventriculi Chronica) 


In this affection distension of the stomach persists after the removal of 
the cause and after evacuation of the stomach contents. 

/Etiology. Chronic distension of the stomach sometimes occurs 
from feeding on indigestible or non-nutritious material, such as chaff, 
coarse straw or leguminous plants, of which excessive quantities are neces- 
sary to relieve hunger. Some breeders intentionally produce gastric 
dilatation in swine by feeding them on abundant green food. Dilatation 
produced in a similar way has been observed by Trinchera in 2 to 3 per 
cent. of young horses of 3 to 5 years of age imported from Carinthia, 
Salzburg and the Tyrol, and the same condition has been found in horses 
from Northern France, Dalmatia and Croatia. Animals with an abnormal 
appetite are especially liable to gastric dilatation. In a fowl fed on non- 
nutritious food without corn during the first world war, Eber found defec- 
tive development of the musculature of the Siotnaely Sand or gravel 
swallowed in large quantities also has the same effect, and, according 
to Wedernikow, this is common in the Steppes of Kirgisia (Siberia), 
where it is known as “‘ Kum-Gata disease.” Another cause of chronic 
gastric dilatation is “ wind sucking.”’ Recurrent attacks of acute gastric 
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dilatation may sometimes lead to the condition becoming ‘chronic. 
Advanced age also predisposes to chronic gastric dilatation by laxity 
of the stomach muscles. 

Secondary gastric distension of the stomach occurs in persistent pyloric 
obstruction from tumour, abscess or cicatricial contraction, and in intestinal 
obstruction, stenosis, and chronic constipation. It may also result from 
atony of the gastric musculature, as in chronic gastric catarrh, tumours 
of the stomach, sclerosis of the gastric muscles, or cirrhosis of the 
liver in horses, in which the ingestion of indigestible food plays an 
important part. : 

Pathogenesis. ‘The repeated overfilling of the stomach with food 
or swallowed air gives rise at first to an adaptive expansion of the stomach, 
in which the contents can for a time be evacuated by the increased muscu- 
lar contraction due to the stimulating action of expansion. After a time, 
however, this leads to muscular hypertrophy which prevents thinning 
of the muscular layer, in spite of the later occurrence of dilatation. 
In cases with mechanical obstruction to evacuation the size of the stomach 
may remain for a time unaltered, but the gastric muscles also become ~ 
hypertrophied in order to overcome the increased resistance. In both 
conditions after weeks or months, during which the gastric muscles have 
become paretic, the contents are eventually evacuated slowly and incom- 
pletely, fermentation and decomposition set in in the unevacuated portion, 
and the consequent accumulation of gas gives rise to the development or 
further increase of gastric dilatation. On the other hand, in primary 
atony of the musculature of the stomach the expulsion of the: contents 
is deficient from the first and leads to gradual dilatation of the stomach 
without muscular hypertrophy. 

Anatomical Changes. The stomach is enlarged to several times its 
normal size, its shape is altered (in horses it becomes oval or similar in 
shape to the rumen of cattle), its walls are usually thickened, but some- 
times attenuated and as thin as paper, and occasionally rather tough. 
The mucous membrane usually presents signs of chronic catarrh. In 
some cases a tumour or abscess is found in the stomach, the pylorus or 
the intestine. : 

In a case of Koch’s the stomach of a horse had a capacity of 84 litres, compared to the normal 
capacity of 7 to 15 litres, or an average of 18 litres according to Bergmann’s observations. 
Fitzroy Philipot found the stomach of a horse to weigh 71 kg. when full, 10 kg. when empty, 
the length of the greater curvature (between the cardia and pylorus) to be 261 cm. and the 
greatest diameter.1g0 cm. Huhn found the length and width of the stomach of a horse to be 


148 and 118 cm. respectively. In the case of a dog examined by Liénaux, the greater 
curvature was 50 cm. in length. 


Symptoms. In horses recurrent attacks of colic are observed (chronic 
or periodic colic) resembling those of acute distension (see p. 113). In 
pyloric stenosis these attacks occur almost regularly towards the end of 
feeding or immediately after the ingestion of food. In some cases they 
occur later, even some hours after feeding, when they may be followed 
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by death from asphyxia. In the later course of the affection the painful 
symptoms are always less severe, but when they occur they persist longer. 
Meanwhile emaciation supervenes and the respiration becomes laboured 
during the intervals between the attacks, and some animals may develop 
‘roaring.’ When the gastric muscles are completely paralysed the pains 
cease and the animal dies from exhaustion, rupture of the stomach, 
asphyxia or peritonitis. 

In cases of chronic gastric catarrh or after continued feeding with 
indigestible fodder the symptoms are solely those of chronic gastric catarrh 
and respiratory troubles, in which the greatly dilated stomach can be felt 
per rectum. In consequence of the adaptation of the organism to the 
altered conditions during the slow development of the affection the pulse 
during rest may remain normal; but even in these cases rupture of the 
stomach may occur at any time. 


The affection described by Trinchera as ‘‘ abdominal roaring of young horses,’ due to 


dilatation of the stomach after improper feeding and bad .pasturage, manifests itself by slow, 
prolonged and intermittent inspiration followed by rapid, jerky expiration, with retraction of 
the flanks and expansion of the lower ribs, especially during and after feeding. With proper 
feeding, especially on cereals, the respiratory symptoms disappear, but only after a period 
exceeding that of their development. Similar observations have also been made at 
Salzburg. 


In cattle, Oppenheim observed a case of chronic distension of the 
abomasum with vomiting which was repeated several times daily for 
several weeks, especially at the commencement of rumination. Koch 
reported a case in which the symptoms were subordinate to those of 
primary gastric atony. Meier observed persistent refusal of food in 
a cow, in which the abomasum was found to be nearly as large as the 
rumen. 

In dogs the symptoms are those of chronic gastric catarrh. ‘The over- 
full stomach can be palpated in both infracostal regions. In the fasting 
condition percussion gives a tympanitic note over a space between the 
eighth rib and the umbilicus, which is replaced by dulness after the 
ingestion of food. Sudden pressure on the gastric region causes splashing 
sounds. 

In a dog affected with dilatation of the stomach and sclerosis of the gastric musculature, 
Liénaux observed periodic and afterwards chronic diarrhoea lasting several months and resistant 
to treatment, the ingested food being evacuated almost unaltered, while the appetite was not 
affected. A large immobile mass could be felt behind the diaphragm. In a case of Flynn’s, 
in a dog with advanced pyloric stenosis (which on dissection was found to admit only a knitting 
needle), no faeces had been passed for 2 years (the animal was kept under observation while 
confined in a glass case), in spite of which the appetite remained normal, although food was 
sometimes vomited within 2 hours. In a dog affected with intrapapillary duodenal obstruction 
due to a foreign body, Dasch observed motor insufficiency of the stomach accompanied by 


tetany. Eber found a similar condition of paresis of the gastric muscles in a fowl fed on non- 
nutritious food. 


Treatment. If treatment is considered desirable, feeding with soft 
or fluid easily digested material (see p. 108) may retard the onset of fatal 
symptoms and to a certain degree maintain the animal’s strength; other- 
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wise the treatment is the same as that for gastric atony or acute gastric 
dilatation (see pp. 84, 115). In some cases of pyloric stenosis in dogs 
gastro-entero-anastomosis may be performed, as in human surgery. 
This has been successfully carried out experimentally in dogs. In a 
7-weeks-old calf Stinson removed an unruminated mass of hay from the 
abomasum by laparo-gastrotomy. | 


7. Foreign Bodies in the Stomach (Corpora Aliena in 
Ventriculo) 


Etiology. Dogs may swallow foreign bodies during play or retrieving, 
or in their food. In cats, bird or rat remnants or a whole mouse may be 
found in the stomach, but rarely other foreign bodies. 

In horses foreign bodies in the stomach are comparatively uncommon, 
and when present generally consist of pieces of wood or bone, needles, 
and gravel stones from roads. Equally rare are food balls and gastric 
concretions. 

In ruminants foreign bodies may occasionally reach the abomasum 
when they are of a certain thickness and when they are of a lower specific 
gravity than the contents of the reticulum (thin pieces of wood, etc.). 
Sometimes foreign bodies are propelled lengthways through the small 
reticulo-omasal orifice, or small objects when swallowed may prevent 
opening of the cesophageal groove. Among the foreign bodies occasionally 
formed in the abomasum itself, or passed into it from the fore-stomachs, 
hair or food balls have already been described (pp. 86, 87). 

In swine the swallowing of foreign bodies occurs more frequently, 
especially pointed pieces of metal or wood, brown paper, etc. Hair 
balls are rarely found in the stomach. : 

In rabbits hair balls are very rare. In domestic poultry foreign bodies 
are frequently found in the stomach, swallowed either voluntarily or 
accidentally in pecking food from the ground. Also, during the normal 
ingestion of moderate quantities of sand and grit, foreign bodies such as 
nails, needles, fragments of glass, etc., may easily be swallowed (Eber), 
especially when the birds are crowded together in unsuitable surroundings 
and improperly fed. Such objects often remain for some time in the crop 
and in the glandular stomach, but reach the muscular stomach later 
(see Fig. 7, p. 58), where they cause obstruction of the opening or 
injury to the walls. In a case observed by Schmidt and Hoensdorf 
the muscular stomach of an ostrich was injured by the presence of a 
moulding tool. 

Pathogenesis. Foreign bodies lying free in the stomach sometimes 
cause no injury, but more often they give rise to gastric catarrh or gastritis, 
according to their composition. Sharp or pointed objects, on the other 
hand, often damage the mucous membrane, and sometimes perforate the 
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wall of the stomach or form a fistula. Foreign bodies may also cause 
pyloric obstruction. 

Needles, when swallowed, seldom cause damage to the stomach or intestines. Out of 127 
needles which Zoja administered experimentally to cats, only 2 caused perforation (one above 


the pylorus, the other in the rectum), the remainder being passed per rectum, or found in the 
large intestine after killing the animals, without having caused any obvious injury. 


Symptoms. In carnivora the symptoms may resemble those of acute, 
or more rarely chronic, gastric catarrh, but more frequently those of gas- 
tritis. Sometimes there are signs of pyloric obstruction with vomiting, 
intense thirst, restlessness, loud howling and groaning, and sometimes 
attempts to bite, convulsions, and finally complete hebetude. Occasionally 
the foreign body can be felt in the infracostal region or behind the liver. 
After rapid loss of strength and the onset of fever, with feeble and 
accelerated pulse, the animal dies. 

In a Dachshund, the day following the ingestion of 180 gravel stones weighing over a kilogram, 
Jakob and P. de Jong observed only slight diminution of vitality and appetite and on the third 
day the usual symptoms. The lower part of the abdomen bulged like a barrel; on palpation a 
large number of stones could be felt, and on percussion rattling of the stones could be heard over 
the whole of the dilated stomach. Ina case of Coquot’s, in a fox-terrier, seven stones (the largest 
the size of a hen’s egg) weighing 460 grammes had been swallowed. Palpation of the stomach 
produced the sensation of a sack filled with nuts. In a dog which had swallowed a steel ball 
weighing 73 grammes and a stone weighing 40 grammes, when the forepart of the animal was 


raised, tapping the region of the ensiform cartilage produced a sound resembling stone or iron 
fragments striking each other. A similar observation was made by Wilson. 


In ruminants the pylorus may become obstructed by hair or food balls 
or other foreign bodies, producing the symptoms already described (p. 87), 
or foreign bodies may set up local or general peritonitis. 

In horses, swine and rabbits, according to the individual case, foreign 
bodies may cause gastritis, and if the inflammation extends to the sur- 
rounding tissues, abscess formation; in horses there may be colicky pains. 
Also, symptoms of perforative peritonitis may develop. ‘The termination 
is usually fatal, but small hair or food balls or small blunt foreign bodies 
may cause no disturbance of health. 

In birds the symptoms include loss of appetite, constipation and rapid 
emaciation, or even cachexia, with a fatal termination. In the case of 
perforating foreign bodies the stomach, partially surrounded by fibrin 
masses or abscesses, can be felt as a rounded, hard and sometimes immobile 
tumour in the abdominal cavity. Ina case of Joest’s, a pigeon with symp- 
toms of asphyxia died suddenly when an attempt was made to seize it. 
In an ostrich, rapidly increasing weakness and loss of appetite and slight 
laryngeal cedema were observed. 

Diagnosis. In many cases, especially in carnivora, a definite diag- 
nosis can be made from the symptoms and previous history, which is often 
definite. In doubtful cases, especially in smaller animals and under 
suitable conditions, an X-ray examination 1s of some assistance, either by 
screen or skiagram. In case of a negative result from this method a 
contrast exposure should be made after filling the stomach with a barium 
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sulphate meal and making a screen examination every half-hour for a 
period of 3 hours. If there is no obstruction in the pylorus or intestine 
the contrast meal, in dogs and cats, reaches the rectum in 3 hours, but if its 
passage 1s obstructed by a foreign body in the pylorus or intestine a marked 
dilatation is shown by the shadow on the screen. In the case of incom- 
plete obstruction the shadow is narrow and elongated. 

Treatment. In carnivora an attempt should first be made to remove 
the foreign body without operation, both in the case of blunt and also of 
sharp and pointed objects, unless these have become imbedded in the 
wall of the stomach: ‘This can be effected by the inducement of vomit- 
ing by a subcutaneous injection of apomorphine. Wenger advises that 
the animal should be raised on its hind feet and vigorously shaken 
during the vomiting. ‘This method is stated to be highly successful. 

Patterson removed a swallowed Gillette’s razor blade from a dog 
without injury by introducing 300 c.c. of salt solution into the stomach 
after a large meal of rice and meat, followed by an injection of apomorphine 
and pressing a further quantity of the salt solution into the previously 
emptied rectum, the razor blade being ejected with the stomach contents. 
Horneck found a combination of forced feeding with apomorphine injec- 
tion successful in animals capable of vomiting, followed by a copious injec- 
tion of warm water into the rectum after the apomorphine began to exert 
its effect, the foreign body being in favourable cases ejected about 5 minutes 
after vomiting commenced. Ullrich’s method of intestinal irrigation is also 
sometimes successful (see Constipation). In some cases evacuation of the 
foreign body per rectum can be effected by frequent rectal lavage with 
water and injections of olive oil, performed after generous feeding (in 
Jakob and de Jong’s case gravel stones weighing about 1 kg. were 
evacuated). : 

In cases in which the above methods have failed after repeated trials, 
and when the size and form of the foreign body are unfavourable, removal 
must be performed by laparo-gastrotomy, which is very often successful. 
(For operative technique see the standard surgical textbooks.) Some- 
times a foreign body emerging through the abdominal wall can be 
wholly withdrawn or a portion may be cut off and the remainder 
pushed back into the stomach, from which it can be removed by the 
methods described. 

In birds it is advisable to remove foreign bodies and the masses of 
fibrin enclosing them by laparotomy, after which the abdominal wound 
usually heals rapidly. In incomplete perforation, after removal of the 
penetrating foreign body the stomach wound is sutured in the same way as 
atter the operation of gastrotomy. Schantyr reserves laparotomy for 
cases of complete perforation without extensive smooth encapsulation of 
the foreign body, as gastrotomy is frequently followed by general 
peritonitis. | 
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8. Ulcer of the Stomach (Ulcus Ventriculi) 


In true peptic or round ulcer of the stomach there is a loss of tissue in the 
mucosa or submucosa, with a tendency to extend, or at any rate to persist, 
and with continued secretion of gastric juice. In non-peplic uicers, which 
may be primary or secondary to other gastric affections (usually inflamma- 
tion or necrosis), there is impaired formation of gastric juice through tissue 
destruction, and healing takes place in a short time after the cause 1s 
arrested. 7 

Occurrence. Gastric ulcers in domestic animals are rarely of clinical 
importance, although they are often found in the abomasum of calves, 
but rarely in adult cattle, dogs; swine and horses. Nagel found a round 
ulcer of the stomach in a hare, and Joest in a fowl. 

Out of 1,500 calves, Tanz found ulcers of the abomasum in none under 
4. weeks of age, 78-4 per cent. in those of 4 or 5 weeks, 94:8 per cent. in 
those of 8 weeks, 95:6 per cent. in those of 10 to 12 weeks, 98-0 per cent. 
in those of 12 to 14 weeks, and 68-7 per cent. in young cattle. Révész in 
Budapest in 3,000 slaughtered calves found them in 23:23 per cent. of 
animals aged 2 to 8 weeks (9:0 per cent. in those of 2 to 3 weeks), in 32:8 
per cent. of those between 3 months and 14 years. According to Miiller, 
ulcers of the abomasum are not uncommon in adult cattle in-the region 
of Zurich. In 8 years he found 12 cases (83 per cent. of which were in 
pregnant cows). Shillinger observed many cases of perforating gastric 
ulcer in animals used for fur. In 1,000 post-mortems on dogs only 
5 had one or more gastric ulcers and in 3 animals a duodenal ulcer 
was found. | 

‘Etiology. In animals peptic ulcers of the stomach always appear 
to develop from acute ulcerative processes or from hemorrhagic erosions. 
These tissue defects may be due to any cause which gives rise to local 
necrosis or defective nutrition of the mucous membrane, so that the 
damaged tissue is digested by the gastric juice, and the healing of the 
lesions is delayed by the continuance of the cause, which may or may not 
be determinable. This may occur in circumscribed deeply extending 
inflammation or hemorrhage of the mucous membrane, especially after 
the local action of caustic substances, in the course of chronic swine 
plague, chronic swine erysipelas, gastric tuberculosis (usually associated 
with intestinal tuberculosis), glanders of the stomach, cattle plague, 
malignant catarrhal fever, and purpura hemorrhagica. Local cir- 
culatory disturbances causing impaired nutrition of the corresponding 
areas of the mucous membrane may result from thrombotic or embolic 
occlusion of the small. arterioles in the gastric wall where, owing to the 
absence of collateral connection with the neighbouring arterioles, there 
is no compensatory circulation (proved experimentally in animals). 
Possibly gastric ulcers following extensive burns of the skin are produced 
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in the same way, and in cats by trichinosis. Local circulatory 
disturbance may also arise from pressure anemia, particularly at 
the crest of the folds of mucous membrane, especially in an empty 
stomach, and according to Joest from pressure on the vessels in 
lymphadenosis of the submucosa (not uncommon in cattle, and in one 
case observed in a fowl), or in association with such conditions as neo- 
plasms, chronic inflammation, or infectious granuloma. 

Mechanical factors also play an important part, as they do in human 
pathology. ‘To this category belong the common ulcers of the abomasum 
in calves, which develop at the time of transition from an exclusively milk 
diet to one consisting, in part or in whole, of vegetable food. At this 
period the rumen 1s still not fully developed, and consequently, from the 
age of 3 or 4 weeks, rough food passes almost directly into the abomasum 
without having been sufficiently ruminated and mixed with saliva, and in 
this way may give rise to the formation of ulcers. This result is also pro- 
moted by the normal presence in young calves of the well-marked local 
constriction of the abomasum immediately before the pylorus, thus 
forming an obstruction to the passage of food. In this way irritation of 
the mucous membrane may be caused, with consequent hemorrhage, 
necrosis and ulceration. Ata later age, when the rumen is more strongly 
developed and rumination established, the irritation ceases and the ulcers 
heal, leaving scars which are often found in young cattle, sometimes in 
association with ulcers. In the same way is explained a case of Lagerloff’s 
in a bull with a fistula between the reticulum and the abomasum, which 
allowed the non-ruminated food to pass directly from the reticulum into 
the abomasum, with resulting ulcer formation. Other causes of gastric 
ulcer are hemorrhage due to trauma to the abdomen, the pressure of 
heavy foreign bodies in the stomach, or injury to the mucous mem- 
brane caused by gastrophilus larve. The effects of hyperacidity or 
increased secretion of gastric juice are not commonly recognised in 
animals. 

In human pathology, according to Aschoff, gastric and duodenal ulcers have a mechanical 
origin in hemorrhagic erosions (stigmata). From these gastric ulcers gradually develop through 
friction produced by the stomach contents and gastric juice under the action of contraction, 
tension and peristaltic movements, forming crateriform losses of tissue in which a progressive 
digestion takes place in the exposed layers of the gastric or intestinal wall. According to von 
Bergmann’s spasmogenic hypothesis, the primary hemorrhages or erosions are produced reflexly 
in certain functional or anatomical affections of the nervous system. Possibly this mode of 
origin may explain the typical peptic ulcers produced experimentally by Matsueda with repeated 
injections of large doses of histamine in rabbits (22 per cent.), dogs (33 per cent.), 
and guinea-pigs (60 per cent.). Similar results were obtained by Eppinger and Leuchten- 
berger, who attributed the formation of ulcers to a nutritional disturbance of the tissues following 
local cedema produced by the histamine. Farno assumes the production of an antipeptic effect 
due to the absence of bile salts from the duodenum, which is known to inhibit peptic digestion, 
and which can actually be caused by short-circuiting the connection of the cystic with the common 
bile duct, and may lead to the formation of an ulcer in the stomach or duodenum (in personal 
observations on two dogs gastric and duodenal ulcers were found in connection with a cicatricial 
closure of the common bile duct). Hanke assumes the production of hyperacidity of the gastric 
juice through various causes, as he produced typical gastric ulcers in cats by daily injection of 


o-2 to 0-3 gramme of caffein in 10 to 20 per cent. solution for a period of 2 months. Some 
observers attribute the cause to a back flow of the succus entericus from the portion of the intestine 
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beyond the opening of the common bile duct, with consequent digestion of the gastric mucous 
membrane by trypsin, which is not normally present in the stomach. Another suggestion 
that has been made is that of an infectious origin from oidium fungi or specific streptococci 
(Rosenow). 


Anatomical Changes. As a rule gastric ulcers are found in the 
neighbourhood of the pylorus. They may be circular, oval or irregular; 
their base is formed by the muscular or serous coat or by a pseudo-mem- 
brane covering the serosa; their borders are often sharply defined and with 
a punched-out appearance, and a shape resembling a funnel with its axis 
directed towards the pylorus. ‘There is no inflammatory reaction around 
them. In human pathology they have a characteristic histological 
structure : a superficial exudative layer, a fibrinous necrotic layer, a layer 
of granulation tissue, and finally a cicatricial layer of varying density. In 
case of perforation of the ulcer there are signs of peritonitis and ad- 
hesions with the neighbouring organs, and sometimes profuse hemorrhage. 

Symptoms. Gastric ulcers are usually found only on post-mortem 
examination of animals without special symptoms being recognised during 
life. In other cases only slight digestive disturbances, suggestive of gastric 
catarrh or atony, have been noticed, and the presence of a gastric ulcer is 
suspected only at the onset of hamatemesis (in carnivora), gradually increas- 
ing anemia, signs of internal hemorrhage, or the passage of blood-stained or 
more usually black coloured feces, or by the chemical detection of blood 
in the feces. In horses mild attacks of colic are sometimes observed, and 
later increased rapidity of pulse and respiration. In cattle chronic dilata- 
tion of the stomach, with diarrhoea and progressive emaciation, and some- 
times extensive cutaneous emphysema, are liable to develop. In most cases 
improvement of the symptoms frequently alternates with exacerbation. 
After rupture of a gastric ulcer either the animal dies suddenly or peritonitis 
sets in with febrile symptoms, or in some cases there are signs of internal 
hemorrhage. Occasionally sero-fibrinous pleuritis develops from rupture 
through the diaphragm. ‘These complications should always be borne 
in mind in calves which become restless, or lie down listlessly during road 
or railway transport, and also in any other animals which show signs of 
internal hemorrhage after persistent digestive or nutritional disturbances. 
According to Swiss veterinarians, the administration of hydrochloric acid 
has an injurious effect in these cases, and therefore, when its effects are con- 
trolled by opium, may be used to aid diagnosis. Rupture of an ulcer in 
the abomasum may be followed by the formation of a fistula (in a case of 
Augsberger there was an intermittent discharge of acid stomach contents). 

Treatment. Coarse and indigestible food material must be avoided. 
Both protective and astringent drugs are indicated (bismuth subnitrate, 
silver nitrate), and in some cases hemostatics (adrenaline); for dogs 30 
drops of a 0-1 per cent. solution should be given by mouth and repeated 
several times. Hydrochloric acid is contra-indicated. Large doses of 
Carlsbad salts are also beneficial, as well as the alkaline treatment 
recommended in human medicine. ‘This consists in the administration 


128 DISEASES OF DOMESTIC ANIMALS 


of sodium bicarbonate or, preferably, magnesium oxide several times 
daily, with the object of neutralising the hydrochloric acid of the gastric 
juice and also of inhibiting the secretion of gastric juice. In cases marked 
by obstinate vomiting narcotics such as morphine may be tried. 


9. Neoplasms of the Stomach (Tumores Ventriculi) 


Etiology. In the fore-stomachs of ruminants the omasum appears to be 
the most common seat of tumours, usually in the form of polypoid growths, 
which may be double the size of a fist and cause occlusions of the 
reticulo-omasal orifice. They are rarely found in the reticulum. Sarcomas 
occur in the omasum, much more rarely in the reticulum and rumen, and 
form hard uneven tumours the size of a fist and generally showing necrotic 
changes. Kitt found a chondroma in the wall of the rumen in a calf. 
In cattle large ulcers may occur in the thickened and uneven wall of the 
rumen, probably due to necrosis of carcinomatous neoplasms. Actinomy- 
comas may be found in the submucosa of the rumen and reticulum and, 
after penetrating the mucosa and muscular layer, form hard, smooth or 
uneven rounded tumours. Chaussé found tuberculous nodules in the 
omasum and reticulum of an ox. 

In the stomach proper (abomasum), neoplasms are more common than 
in the fore-stomachs. : 

In the horse sarcoma and carcinoma are found (the latter almost 
exclusively in the cardiac portion), and may cause obstruction of the 
cardia, the pylorus and even of the duodenum. In the abomasum of 
cattle epithelial tumours are met with (adenoma, adeno-carcinoma, 
carcinoma) which have a tendency to undergo early ulceration. Lymph- 
adenoma may also occur (found also in the stomach of a pig and a dog) 
in the form of a diffuse or circumscribed thickening of the wall of the 
stomach formed by lymphadenoid infiltration of the submucous tissue, 
which gives rise to a rigid condition of the stomach wall, tumefaction of 
the mucous membrane and thickening of the plice spirales of the aboma- 
sum. Lymphadenomata have also been found in the stomach of 
a pig and of a dog. In cattle tuberculous growths are also found in 
the abomasum, with extensive ulceration. Eberlein observed a primary 
carcinoma in the stomach of a dog, and Schmey the same in a cercopithecus 
ape. - Lipoma, fibroma and myoma are rare, but circumscribed muscular 
hypertrophy is sometimes found in horses. 

Symptoms. Large tumours cause functional disturbance of the 
stomach by destruction of part of the mucous membrane and by impeding 
the movements of the organ, and give rise to indefinite digestive disorders 
similar to those of chronic gastric catarrh or atony. In horses colicky 
symptoms may occur after feeding, and later cachexia, vertigo, vomiting 
and obstruction of the cesophagus may develop. In cattle chronic 
flatulence, frequent eructations and vomiting are observed, and in dogs 
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abdominal distension, vomiting and jaundice. Occasionally perforation 
or internal hemorrhage takes place. a 

Diagnosis. In large animals gastric tumours can seldom be diagnosed 
with certainty. Occasionally, in horses a gastric tumour can be detected 
by rectal examination, when a firm thickening can be felt in the blind 
sac of the stomach, associated with obstinate digestive disturbances (and 
sometimes jaundice when the growth has extended to the neighbouring 
organs). In carnivora a hard, irregular tumour, which is not painful 
on pressure and is only movable in the caudal and dorsal directions, 
can be felt behind the ensiform cartilage in the median line. When of 
large size, the tumour moves with respiration and may extend to the 
anterior level of the last rib. 

In the case of ulcerative disintegration of tumours the diagnosis may 
be assisted by microscopic and chemical examination of the vomit or of 
the stomach contents after lavage. 

Treatment. It is only in carnivora that any success can be expected 
from operative removal of the tumour. 


10. Torsion of the Stomach (Torsio Ventriculi) 


In dogs the pylorus is pushed forwards to the ventral abdominal wall 
round the end of the cesophagus from the right to the left side, and at the 
same time the greater curvature, together with the fundus of the stomach, 
is displaced along the dorsal abdominal wall to the right side, whereby 
the pylorus comes to lie in the ieft hypochondriac region between the liver 
and cardia, the fundus is compressed, the end of the cesophagus 1s occluded 
by torsion along its longitudinal axis, the spleen together with the greater 
curvature is horizontal and placed transversely in the abdominal cavity, 
and is bent in the form of a horse-shoe, the dorsal end of which, together 
with the fundus, comes to lie in the right hypochondriac region. ‘This dis- 
placement gives rise to intense venous congestion of the stomach and spleen. 

Occurrence. In dogs, torsion of the stomach is not uncommon, but 
occurs almost exclusively in older animals of the larger breeds, especially in 
those used for draft purposes. ‘Torsion of the abomasum is of rare occur- 
rence, but has been observed in a calf and a young heifer, in a cow, and 
in a lamb. In a case reported by Hilger in a heifer, the omasum was 
twisted 270 degrees. 

Etiology. ‘The comparative frequency of torsion of the stomach 
in dogs is due to the greater mobility of the pyloric region, which 
is considerably increased by stretching or tearing of the ligaments 
of the stomach, especially of the gastro-hepatic and gastro-duodenal 
ligaments, during repeated overfilling of the stomach in older dogs. 
The exciting causes of torsion are violent rolling and twisting move- 
ments, and rapid leaping and running down steps, during which 


movements the pyloric part of the stomach swings like a pendulum 
VOL. II, 9 
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in the abdominal cavity on an axis found by the cesophageal implantation. 
This is likely to occur when the stomach is only moderately filled with 
fluid contents or with hard and heavy substances (bones, meat, potatoes), 
in which condition the occurrence of such displacements is facilitated. 
On the other hand, with a well-filled stomach these movements are 
prevented by the counter-pressure of the neighbouring organs and the 
abdominal wall; while in the empty condition the inertia of the now small 
and empty stomach is too slight for the pendulum motions to occur. 

The occurrence of torsion of the abomasum is explained, according 
to Magnusson, by the fact that, in young animals especially, the abomasum 
is held in position only by the great omentum, and with a full stomach 
violent movements may easily cause torsion of the abomasum on its 
Suspensory attachment. 

Pathogenesis. As the result of torsion there is complete obstruction 
of both orifices of the stomach and constriction or occlusion of the veins 
of the stomach and spleen, while the arteries, which are more resistant 
and under a higher blood pressure, continue to maintain an approximately 
normal blood supply. The intense venous congestion resulting from this 
circulatory. disturbance causes a rapid increase of carbonic acid in the 
blood; this gives rise to contractions of the stomach, which result in severe 
colicky pains and which enly cease on the later development of dilatation 
of the stomach and cedema of its walls. Pain is also caused by pressure 
on the nerve endings arising from the torsion and may also result from 
the occurrence of peritonitis. In consequence of the closure of both 
gastric orifices and the cessation of absorption from the stomach contents 
the latter undergo rapid fermentation, filling the stomach with gas, which 
interferes with the movements of the diaphragm and gives rise to general 
circulatory disturbances, which are still further increased by general 
infection and peritonitis caused by bacterial invasion through the injured 
stomach wall. | 

Anatomical Changes. The pyloric portion of the stomach, which 
may be distended to ten times its normal size, is found, together with the 
proximal part of the duodenum, on the left side between the posterior 
surface of the liver and the posterior surface of the stomach (which 1s now 
directed towards the diaphragm) under the slightly spirally twisted 
cesophagus and the greater curvature of the stomach lying in the right 
hypochondrium. ‘The extent of torsion may be from go to 380 degrees. 
The mesentery of the duodenum forms a tense band stretching between the 
right kidney and the stomach, compressing the middle part of the stomach 
and the abdominal part of the cesophagus. ‘The omentum is stretched 
over the dilated stomach, the dark red wall of which can be seen through 
it. On opening the stomach gas escapes, the mucous membrane appears 
dark red and the whole wall is cedematous. The dark red colouration 
ceases abruptly near the cesophagus, and towards the pylorus gradually 
changes to the normal mucous membrane of the duodenum. Sometimes 
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commencing separation of the muscle bundles is observed in_ the 
stomach, but seldom rupture. ‘The spleen is considerably enlarged, 
horse-shoe shaped and often kinked in the middle, blackish-red 
in colour, and its capsule tense. In the abdominal cavity there is 
usually blood-stained serous fluid, the liver is displaced somewhat to the 
left and bloodless, and sometimes there are signs of commencing peritonitis. 
Signs of death from asphyxia are always present. 

In torsion of the abomasum in ruminants the degree of torsion may 
reach 180 to 300 degrees. Both orifices are then occluded, the wall is- 
dark red and infiltrated with blood, the omentum is torn, the stomach is 
ereatly distended and the contents are mixed with blood. 

Symptoms. Indogs the symptoms commence with sudden abdominal 
pain, and usually rapidly increasing distension. ‘The animal stands or 
lies motionless or moves cautiously and stiffly. Food and water are usually 
rejected and no feces are passed. Occasionally there is intense thirst, 
but the water regurgitates directly through the mouth or nose. Some- 
times there is eructation, but actual vomiting is always absent (irrita- 
tion of the pharyngeal mucous membrane also produces only eructation). 
In a case with 350 degrees of torsion Jakob succeeded in passing a 
rubber tube into the stomach, but as a rule the stomach tube is arrested at 
the cardia. (In Jakob’s case strangulation and therefore signs of congestion 
were found after death to be only of moderate degree. ) 

The distension of the abdomen is most marked in the region of 
the mesogastrium, while the percussion note is everywhere loud or 
highly tympanitic (sometimes of a metallic character), with the 
exception of a dulness about the size of the palm of the hand in the 
right hypochondrium caused by the spleen, which rests against the 
abdominal wall at this point and sometimes causes a slight swelling. 
The abdomen is tender to pressure and in the abdominal cavity a tense 
sac can be felt. Splashing sounds can be heard on jerkily shaking the 
lower gastric region, and when the position of the dog is quickly altered. 
As the abdomen increases in size respiration 1s impeded, the heart’s 
action is accelerated (200 or over), and the pulse becomes weak and 
finally imperceptible. 

The affection is of short duration and death may occur in 24 to 28 
hours, usually from asphyxia, but in cases.in which a moderate degree 
of strangulation exists the animal may live for 5 days. After successful 
reduction of the dislocated viscus recurrence may take place after several 
months. 

In ruminants, torsion of the abomasum is manifested by the sudden onset 
of colicky pains, partial or complete retention of feeces, splashing sounds on 
percussion of the right flank, complete loss of appetite, protrusion of 
the tongue, distension of the stomach, weakness and acceleration of the 
pulse. The animal usually dies within 1 or 2 days. Death may occur 
in the absence of severe symptoms. 
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Other Displacements of the Stomach. Hernia of the stomach into the thoracic cavity 
may occur through a congenital or later developed opening in the diaphragm. ‘This has been 
observed in dogs, in swine, in horses, and in ruminants, ‘The hernia usually concerns the 
reticulum, more rarely the omasum. In this condition symptoms of disturbance of health are 
rarely absent. In most cases there is difficulty in breathing, especially when lying down and 
after feeding. In horses there are symptoms of roaring and sometimes colicky pains. In 
ruminants there are signs of gastric distension or atony, or pseudo-pericarditis caused by pressure 
on the heart. Sometimes the prolapsed portion becomes incarcerated, causing rapid increase 
of distension of the stomach or sudden death from asphyxia. Auto-invagination of the stomach 
and invagination of the stomach into the duodenum have been observed, but rarely occur. 
In such cases there are signs of pyloric obstruction, repeated eructations or vomiting of blood- 
stained matter, with symptoms of pain (whining or groaning), loss of appetite, stupor and a 
rapidly increasing pulse rate. In a case reported by Smythe and Rix, in which the stomach 
and duodenum were invaginated into the cesophagus as far as the pharynx, asphyxia occurred 
from closure of the larynx. Bergmann, in an emaciated horse, found an hour-glass contraction 
of the stomach which measured only 5 cm. at the point of constriction. 

Diagnosis. In dogs the clinical symptoms of torsion of the stomach 
are usually sufficient to establish a diagnosis without resorting to explora- 
tory puncture. In cesophageal occlusion abdominal pain and distension 
are absent. In intestinal obstruction there is vomiting, sometimes 
stercoraceous in type, but abdominal distension is slight or absent. In 
the course of acute peritonitis vomiting often occurs, ingested fluid easily 
passes into the stomach, abdominal distension is slight, and fever is present 
from the outset. 

Treatment. Evacuation of the gas by puncture of the stomach 
is usually ineffectual. In incomplete torsion of the cesophagus the 
introduction of the stomach tube, followed by the infusion of 1 to 2 
litres of fluid, and vigorous rolling of the dog on its back from right 
to left, assisted by massage of the abdominal walls, is usually useless. 
On the other hand, in less advanced cases operative interference may 
lead to a cure. After slow evacuation of the gas by puncture of the 
stomach (during which the presence of a blood-stained fluid with the gas 
is an unfavourable sign) the abdomen is opened in the middle line by a 
fairly long incision, the fingers are introduced between the stomach and 
the liver on the left side, and the pylorus and duodenum are drawn over 
to their normal position. Moltzen-Nielsen and Schneider obtained a 
favourable result in a traumatic diaphragmatic hernia in a dog by 
laparotomy, with suture of the edges of the opening in the diaphragm 
after reduction of the prolapsed stomach and a loop of intestine with 


which it was associated in the hernia. 


11. Hemorrhage from the Stomach (Hemorrhagia Ventriculi) 
(Hematemesis) 


‘Etiology. Arterial hyperemia of the gastric mucosa is seldom a 
cause of hemorrhage ; more frequent causes are corrosion, inflammation 
and ulceration. Inflammatory changes, or more commonly a tendency 
to bleeding, often cause slight gastric hemorrhage in the course of acute 
specific diseases (purpura hemorrhagica, anthrax, swine fever, distem- 
per); also the hemorrhagic diathesis. The gastric blood vessels may be 
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lacerated by foreign bodies or by injuries to the abdomen, and in horses 
by gastrophilus larve. A rare cause of hemorrhage is rupture of the 
abdominal aorta or the coeliac artery after adhesion to the stomach 
wall. Parenchymatous bleeding may occur in venous congestion of the 
gastric mucous membrane in the course of diseases of the liver, heart 
and lungs. 

Symptoms. Vomiting of blood (hematemesis, s. vomitus cruentus) 
occurs only in carnivora and then only after severe hemorrhage. The blood 
may be bright red or dark brown according to the length of time it has 
been in the stomach, or coffee coloured from the transformation of 
hemoglobin into hematin. Microscopic examination of the stomach 
contents, after removal by the stomach tube, shows the presence of blood 
corpuscles, which may be unaltered or in various stages of decomposition. 
Sometimes these are absent, having been dissolved by the acid gastric 
juice, but the presence of hemoglobin can be shown by the chemical reac- 
tions (see p. 135). After passage of the blood into the intestine the faeces 
become tarry and foetid as a result of putrefactive decomposition. In 
severe cases there are other signs of internal hemorrhage such as anemia 
of the mucous membranes, feeble pulse and vertigo. Repeated hamor- 
rhages give rise to chronic anemia. 

Diagnosis. Gastric hemorrhage cannot be diagnosed on the basis of 
hematemesis, or on the presence of blood in the stomach contents, unless 
one can exclude the possibility of the hemorrhage having arisen in some 
other organ, the blood entering the stomach as the result of its having been 
swallowed. In hemorrhage from the lungs the blood issues from the 
mouth or nose and is bright red and frothy, there is dyspnoea and the 
physical signs of fluid in the lungs are present; vomiting is absent. Hamor- 
rhage from the buccal cavity, nasal passages and air passages can be 
excluded by careful examination, although in these conditions the 
swallowed blood may be vomited. In dogs which vomit after swallowing 
blood licked from fresh wounds there is an absence of evidence of anemia. 
The diagnosis of intestinal hemorrhage depends upon examination of all 
the organs, together with the clinical history. 

Treatment. With the object of arresting the hemorrhage the animal 
must be kept at rest and crushed ice should be repeatedly administered. In 
small animals cold compresses may be applied over the stomach. Treatment 
by drugs includes the subcutaneous injection of ergotine; adrenaline may be 
given to horses in doses of 0:02 to 0-04 c.c. of a 0-1 per cent. solution per 
kg. of body weight, or an average total dose of 5 to 15 c.c. subcutaneously, 
or 0-01 c.c. per kg. body weight, or a total of 1 to 5 c.c. intravenously. 
It is now recognised, however, that for practical purposes adrenaline 
possesses little remote action as a hemostatic. Internally, astringents are 
sometimes useful (acetate of lead, tannin, tannoform, tannalbin, sulphate 
of iron, chloride of iron, alum); also opium for the purpose of rendering 
quiescent the movements of the stomach. Gelatin, either alone or given 


134 DISEASES OF DOMESTIC ANIMALS 


in wine, 1S beneficial. Heterogeneous serum may also be given sub- 
cutaneously. ‘The oral administration of drugs must be suspended 
when they cause vomiting and thereby increase the hemorrhage. Later 
fluid nourishment may be given. 


12. Intestinal Hemorrhage (Enterorrhagia) 


‘Etiology. Intestinal hemorrhage sometimes complicates intestinal 
inflammation caused by acrid caustic substances, and ulceration occurring 
in the course of certain specific disease conditions (anthrax, cattle plague, 
swine fever, distemper of dogs, meat poisoning). It may also occur in 
cases of the hemorrhagic diathesis, purpura hemorrhagica and scorbutus, 
after traumatic injuries caused by foreign bodies and animal parasites 
(Macrocanthorhynchus gigas, Echinococcus granulosus, Ankylostoma, etc.), as the 
result of desiccated feces, or hard objects introduced into the rectum 
(nozzles of enema syringes, etc.). 

Venous congestion due to hepatic cirrhosis or valvular incompetence 
of the heart, obstruction of the bile duct, and arterial thrombosis of the 
intestine may also cause intestinal hemorrhage. ‘To this category belong 
hemorrhoids, which sometimes occur in dogs and horses, and_ to 
which the subject may be predisposed by insufficient exercise, drastic 
purgatives, constipation, and irritating foods and proctitis, especially in 
old fat animals. 

Further causes of intestinal hemorrhage are vascular tumours, especially 
polypi of the mucous membrane, intestinal invagination (intussusception), 
rupture of the abdominal aorta or anterior mesenteric artery after its 
adhesion to the intestinal wall, and extensive burns of the skin (probably 
due to embolism of the intestinal vessels). 

Symptoms. In some cases the feces are stained with blood, or pure 
blood is passed from the anus. At the same time there are also signs of 
anemia. In other cases the faeces are mixed with blood clots or streaked 
with blood, especially in hemorrhage from the rectum. Hemorrhoids 
give rise to repeated hemorrhages from the rectum, together with itching 
of the anal region, when bluish-red protuberances can be seen outside 
the anal aperture (external hemorrhoids) or within the anus (internal 
hemorrhoids). In hemorrhage from the upper parts of the intestine 
the feces are tarry, black, or may even possess a charred appearance 
and a fetid odour. Microscopic and chemical examination shows the 
presence of red blood corpuscles, and blood pigment can be found in 
the not uncommon cases of occult bleeding. - 


The rectal hemorrhage of cattle, described by Haubner as hemorrhagic proctitis, and 
also known as “loin bleeding,” occurs sporadically or enzootically in ruminants, chiefly in 
cattle. This affection has been attributed to proctitis caused by the ingestion of sharp, irritating 
vegetable substances, to constipation following a change of diet, and to defective composition 
of the food in animals kept under unfavourable conditions. ‘The symptoms consist in decrease 
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in appetite, lethargy, rigidity of the sacral region and tenesmus, followed in 1 or 2 days by the 
passage of blood-stained faeces and cedematous swelling of the anal and perineal region, while the 
pulse and respiration rate remain normal notwithstanding the raised temperature (up to 40°2° 
C.). The animal usually recovers in 3 to 5 days and the affection is rarely fatal. The treatment 
includes the application of cold compresses to the sacral region, rectal irrigations with mucilage 
or vinegar and water, and the internal administration of sulphate of iron, Carlsbad salts and 
peptone. 

In cases of gastro-intestinal hemorrhage in which the microscopical examination for blood 
is negative the presence of hemoglobin can be detected chemically, even in a dilution of 
I : 150,000 to 1 : 200,000. - For this test carnivorous animals must be fed on an exclusive vegetable 
diet and milk for 4 or 5 days previously, as on a diet containing meat the test may be positive 
in the absence of hatenecs The disturbing influence of ferments and of fresh chlorophyll on © 
the test can be prevented by boiling, or by dilution of the test (in cattle 1 : 50, in sheep I : 150) 
when the animals are fed on green fodder. For the same reason no iron or bismuth preparations 
should be given for 4 or 5 days previously, or animal charcoal or kaolin, which by adsorption of 
the blood pigment may interfere with a positive reaction. 

In the benzidin test of Schlesinger and Holst a pea-sized portion of the feces is placed in a test- 
tube filled one-fifth full of water, shaken and heated to boiling. Ten or twenty drops of a freshly 
prepared solution of benzidin (a knife-point measure to 2 c.c. of glacial acetic acid) are 
mixed with 24 to 3 c.c. of a 3 per cent. solution of peroxide of hydrogen, and to this mixture 
about 5 drops of the cooled fecal suspension are added. Immediately, or if very little 
blood is present in } to $ minute, a green or blue colour appears which becomes purple on 
standing. 

In the guaiacum test the fecal matter is rubbed up into a fine paste with water and one-third 
of its volume of glacial acetic acid is added. An ethereal extract is made from this (or in Boas 
modification of the test an extract with a 70 per cent. alcoholic solution of chloral hydrate) 
and 3 to 5 c.c. placed in a test tube; to this is added 10 drops of freshly prepared tincture of 
guaiacum (concentrated if much blood is suspected, otherwise dilute) and 20 drops of old oil 
of turpentine, and the mixture shaken. If blood is present a blue-violet or greenish-blue coloura- 
tion is produced. According to Wetzel, this test is negative after meat eating, so that, even then, 
a positive result signifies a pathological process. 

The aloin test is also made with an ethereal extract from the fecal matter to which 20 to 30 
drops of oil of turpentine and 10 to 15 drops of an alcoholic solution of aloin (a small knife- 
point measure to g to 5 c.c. of 60 to 70 per cent. alcohol). A positive reaction is shown by the 
appearance of a light red, and later cherry-red colour. 

In the paraphenylendiamine test of Boas the ethereal extract of fecal matter is mixed with 1 or 2 
drops of a 4 per cent. solution of paraphenylendiamine and then shaken. In the presence of 
blood an olive green colour is produced, which immediately changes to dark violet. According 
to Wetzel, this test is also negative after eating meat. 


Diagnosis. The blackish-brown colour of the feeces produced by eat- 
ing meat and after the internal administration of iron or bismuth prepara- 
tions must not be mistaken for haemorrhage. In these conditions the feces 
do not give a red colour to water, and the microscopic examination 1s 
negative. ‘The red colour of the feces after feeding with beetroot disap- 
pears on the addition of liquor potasse to a suspension of the faeces in water. 
Blood pigment can be detected in the feces after ingestion of the blood 
of slaughtered animals or after licking bleeding wounds, but symptoms 
of internal hemorrhage are absent. Hemorrhage from the stomach causes 
symptoms similar to those of hemorrhage from the intestine, and in both 
cases the faeces are mixed with blood or have a black or tar- like appearance, 
so that a definite diagnosis can be reached only by careful examination 
of all the organs and attention to the history. 

The site of the hemorrhage is indicated to a certain extent by the 
colour of the evacuated blood, in so far as the nearer to the stomach the 
bleeding takes place, the more is the blood altered. Streaks of red blood 
on the surface of the feces indicate rectal hemorrhage; intimate mixture 
of blood and faces, hemorrhage in the first part of the colon or the small 
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intestine. In the latter case the feces have a blackish tarry colour and 
often a putrefactive odour. 

Treatment. ‘This is in general the same as for gastric hemorrhage, 
but opium and astringents may be given more freely. In hemorrhage 
from the lower portion of the intestine local treatment per rectum is 
beneficial by means of infusion of gelatin dissolved in hot water, mineral 
or vegetable astringents, also adrenaline. In very severe loss of blood the 
intravenous infusion of physiological saline may be necessary. 


13. Acute Intestinal Catarrh (Catarrhus Intestinalis Acutus) 


The term intestinal catarrh is applied not only to pathological condi- 
tions due to inflammatory changes in the intestinal mucous membrane, 
but also to conditions manifested by diarrhoeal discharges due to simple 
functional disturbances of the movements and secretions of the intestine. 
As transitional forms occur, it is impossible to draw a sharp line between 
inflammatory and non-inflammatory conditions. 

Etiology. Primary intestinal catarrh may be due to errors of diet, 
as in acute gastric catarrh (see p. 101). Dahne observed several cases 
with severe general symptoms which sometimes ran an unfavourable 
course after feeding on Swedish clover on a rich pasture-land. Cattle 
often suffer from profuse diarrhoea after ingestion of the green leaves 
of sugar beets. ‘The turnip poisoning of cattle often observed in Denmark 
manifests itself partly by an acute diarrhoea (see p. 82). Sustmann ob- 
served hemorrhagic intestinal catarrh in horses after the daily ingestion 
of 6 to 20 pounds of beetroot and sugar beet, and Menneking saw acute 
gastric catarrh and dilatation after feeding with chopped sugar beets. 
Also the “ molasses disease,” which, according to Schlegel, occurs almost 
exclusively in draft horses, is manifested partly by acute intestinal catarrh, 
which did not appear till 3 weeks after feeding began (1,250 grammes 
or more of molasses daily). According to Ellermann and Waentig, the 
gastro-intestinal catarrh and colic which often occurs after feeding with 
molasses and raw sugar (mixed with cut fodder as so-called “sugar 
fodder ’’) is partly due to excessive quantities and to the mixing of the 
components in improper proportion, and also partly to fermentative 
changes which have taken place in them. In some cases the condition ~ 
has arisen from feeding bread without sufficient addition of other 
fodder, also in feeding on inferior bran. Naumann observed many 
cases. in horses after feeding on rye, and Eberhard in cattle after feeding 
with cacao husks. A hemorrhagic and often fatal form of intestinal 
catarrh may occur in horses after eating wheat that has been treated 
with copper sulphate, and in pigeons after eating chemically treated seed 
in the fields. : 

Micro-organisms also play an important part in the etiology of 
intestinal catarrh, especially those which are normally saprophytic in 
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the intestine, when their virulence becomes increased or the power 
of resistance of the intestinal epithelium is reduced. Such saprophytic 
bacteria may be stimulated into pathogenic activity by decomposing 
or sour food substances, and the flesh from diseased animals infected 
with bacteria or their toxins. Dogs, and also carnivorous animals. in 
zoological gardens, often suffer from intestinal catarrh, which may prove 
fatal, after an exclusive diet of horse flesh. (It is stated that toxic products 
can be demonstrated in the meat broth even after it has been boiled.) 
In addition to its direct toxic action, horse flesh may also cause anaphylaxis 
through the enteral introduction of foreign protein substances, as Rosenau 
and Anderson have proved in guinea-pigs, and as Carl has shown to occur 
in man after the subcutaneous injection of horse serum. ‘This has also 
been repeatedly observed in man after an abundant and exclusive diet 
of horse flesh. Again, among the Tartar population of Russia, who 
subsist principally upon horse flesh, a form of serum sickness is often ob- 
served, sometimes associated with catarrhal, hemorrhagic or even 
pseudo-membranous enteritis, after injection of immune sera. In dogs 
anaphylactic enteritis gives rise to numerous miliary hemorrhages. 
A similar condition develops after intravenous injection of bacteria (coli 
bacilli, typhoid and proteus bacilli), in which the cytolysis of the organic 
tissues probably gives rise to toxic products of catabolism. This may also 
occur under natural conditions by absorption from the intestinal bacteria. 
Indeed, in a herd of swine a primary infection may in a short time be 
followed by numerous cases of intestinal catarrh (Aronsohn, Esser, author’s 
observations), in which Keune discovered the pyocyaneus bacillus as 
the causal agent. In the first rank coli bacilli, together with certain 
debilitating influences (deficiency in mineral substances and vitamins, 
hyperacidity and increased protein content of the food, cessation of suck- 
ling, digestive disturbances and anemia), were regarded by Grashus as 
the cause of diarrhoea generally appearing at the age of 1 to 3 days in 
new-born sucking pigs. In cases of epizootic enteritis affecting young 
ducks and also adult birds Schaaf found the Bacillus enteritidis Breslau 
and the B. anatum. In the intestinal catarrh occurring only in young 
chickens, and known in Japan as Rabatare, Nakamura found an anaerobic 
bacillus, and thereby differentiated the affection from the fowl typhoid 
due to Shigella gallinarum infection. In a dog-breeding establishment 
Smythe observed an enzootic of intestinal catarrh complicated by pleuro- 
pneumonia affecting chiefly animals a few days old, but also others a 
few months old, in which 60 per cent. of the cases were fatal; some cases 
of stillbirth also occurred. 

Injuries to the intestinal mucous membrane by hard and fibrous 
vegetable fodder, pieces of bone or swallowed sand are further causes of | 
intestinal catarrh, and injury to the mucous membrane during rectal 
examination may give rise tu proctitis. Knolle observed obstinate gastro- 
intestinal catarrh with fatal nephritis in a horse after the ingestion of large 
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quantities of pine wood. ‘The irritant purgatives may upon occasion 
give rise to intestinal catarrh. 

The external and internal action of.cold may also produce intestinal 
catarrh; hence its frequency during the cold periods of the year, after 
grazing on frosty pastures, eating frozen potatoes and turnips, drinking 
ice-cold water, etc. On the other hand, the not uncommon occurrence 
of diarrhoea in the warm months (summer diarrhoea) is often due to 
impure drinking water, and in draft oxen to excessive drinking of water 
when the body is 1n a heated condition. 

Acute intestinal catarrh may occur as a secondary condition in helmin- 
thiasis, coccidiosis, severe constipation and intestinal calculi, and also in 
the course of acute infective diseases, especially septicazmia, and in certain 
intoxications. 

Pathogenesis. Many of the above-mentioned conditions, either by 
their direct action or by forming fermentative or putrefactive substances in 
the bowel, stimulate intestinal peristalsis and often an excessive secretion 
of fluid in the intestine, resulting in diarrhoea, without giving rise to inflam- 
matory processes in the intestinal mucous membrane if the irritants are 
quickly removed from the intestine, or from the small intestine to the less 
sensitive large intestine. 

In most cases the mucous membrane is directly injured by mechanical, 
thermal or chemical agents. Consequently the inflammatory process 
commences with increased secretion of mucus, epithelial degeneration, 
and vascular dilatation followed by inflammatory exudation with leuco- 
cytes into the intestinal wall and lumen. 

The intestinal function becomes impaired chiefly by the process of 
decomposition of the intestinal contents, especially by acid fermentation 
with the formation of lactic, butyric and acetic acids, and also by the 
formation of gases (carbonic acid, hydrogen, methane), as well as by protein 
putrefaction with the formation of sulphuretted hydrogen, indol, scatol, 
etc. The cause of these conditions lies in the inaccessibility of the mechani- 
cally and chemically prepared constituents of the chyme to ‘the action 
of the digestive ferments, the active increase in intestinal micro-organisms, 
the deficient formation of digestive enzymes, the excretion of a highly 
albuminous fluid liable to decomposition, and in the interference with 
absorption resulting from injury to the epithelium and accelerated peri- 
stalsis. ‘The products of decomposition so formed lead to exacerbation 
of the inflammation, and also, by their irritation of the already irritable 
mucous membrane, cause acceleration of peristalsis, which often manifests 
itself by intestinal colic. ‘The active peristalsis, the diminished absorption 
from the intestine, and the watery exudation into the intestine combine 
to produce diarrhcea—in herbivora when the inflammation has involved 
the colon, and in carnivora when at least the lower section of the small 
intestine is affected. 

The general effects produced by intestinal catarrh are manifested by 
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exhaustion caused by the disturbances of digestion and absorption, and 
also by the profuse exudation into the intestinal lumen affecting a large 
area of mucous membrane. Young animals with active metabolism, as 
well as emaciated, weak or older animals with insufficient storage of energy, 
~ become rapidly exhausted. ‘The loss of strength is also partly due to the 
loss of water produced by profuse diarrhoea which causes thickening of 
the blood through disturbance of the metabolic exchanges in the tissue 
cells and impedes the circulation of the blood by increasing its viscosity. 
Further, the intestinal catarrh may lead to the absorption of toxic sub- 
stances produced during protein catabolism, either in the ingested food or 
afterwards in the intestine, such absorption being normally prevented 
by the healthy epithelium and digestive enzymes. In such conditions 
bacterial endotoxins may also be absorbed and give rise to fever. 
Bacterial absorption is also possible in severe injury to the intestinal 
epithelium when the micro-organisms are either directly destroyed or 
become deposited in susceptible tissues and so give rise to inflam- 
mation in distant organs. In intensive disturbance of protein digestion, 
or degeneration with detachment of the intestinal epithelium, foreign 
proteins may become absorbed and cause anaphylaxis, usually in the 
form of urticaria. ‘The latter may also be due to vascular injury caused 
by the absorption of the products of catabolism of vegetable proteins, 
chiefly histamine (Beta-iminazolylethylamine), as occurs in founder 
(laminitis) in horses. Akerblom also showed the presence of a histamine 
forming colibacterium in the intestine of horses affected with founder. 

Anatomical Changes. ‘The intestinal mucous membrane is swollen, 
reddened and covered with abundant mucus and sometimes studded with 
small hemorrhages; the submucosa is often cedematous. ‘The intestinal 
villi are swollen and crowded together, giving a velvety appearance to 
the surface. The solitary and agminated follicles are also swollen and 
sometimes exude purulent matter, or they may be ulcerated. ‘The mucous 
membrane of the colon is sometimes covered with a fine bran-like deposit 
due to necrosis of the epithelial cells. The contents of the colon are 
liquid, offensive and mixed with mucus, pus or blood. ‘The mesenteric 
lymphatic glands are acutely swollen. 

Symptoms. Owing to the usual coexistence of gastric catarrh the 
symptoms begin with loss of appetite and malaise, and in herbivora there is 
often constipation lasting for several days. In carnivora diarrhcea 
manifests itself from the first, and 1s the most important and most prominent 
symptom. In herbivora diarrhoea occurs at a later stage, and in some cases 
where the affection is limited to the small intestine may remain absent 
altogether. The feces have an offensive odour, they are fluid or semi- 
fluid, and contain particles of partly digested food, mucus and epithelial 
shreds, and sometimes traces of blood. ‘The anal region is soiled with 
faeces, and defecation is often accompanied by tenesmus; later the feces 
may be passed involuntarily, with gaping of the anus and occasionally 
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prolapse of the rectum. In small animals the intestine is sensitive to 
pressure, and in all animals the intestinal sounds are pronounced and 
often loud, rumbling or metallic. Sometimes there is flatus from intestinal 
gases. In some cases, especially in horses, colicky pains are observed. 
The urine is dark coloured, and in carnivora is strongly acid in reaction 
with an abundant deposit of urates. In both carnivora and herbivora 
there is an increase of indican in the urine. The temperature is often 
slightly raised, but seldom to a high degree. ‘The pulse is accelerated, and 
thirst is usually intense. 

In severe cases, especially after prolonged diarrhcea, the animal becomes 
rapidly exhausted, there is palpitation of the heart, the eyes are sunken, 
the coat staring, and death soon follows. 

When the affection is limited to the small intestine it may run its course 
without the appearance of diarrhoea, but the intestinal sounds are well 
marked and colicky pains are often present. ‘The appearance of icterus 
with bile pigments in the urine indicates involvement of the duodenum. 

In catarrh of the colon diarrhoea is seldom absent, while colicky pains are 
slight or absent, but the intestinal sounds are loud and there is a frequent 
discharge of flatus. 

_Catarrh of the rectum is manifested by frequent defecation accompanied 
by straining, and the feces are passed in balls or lumps covered with 
shreds of mucus or blood. On introducing the hand into the rectum the 
mucous membrane feels hot and slimy, and the hand on withdrawal is 
covered with mucus or blood. Examination by the rectal speculum shows 
reddening of the mucous membrane. 


Infectious Cloacitis. ‘This disease occurs chiefly in hens and is manifested by a foetid, mucous 
or muco-purulent discharge from the cloaca. Around the cloacal opening the feathers become 
matted together and later fall out, exposing the red, incrusted and sometimes ulcerated skin. 
The mucous membrane of the cloaca is inflamed and sometimes covered with a fibrinous 
deposit. The disease has been observed sporadically in America and in Holland, and 
has been proved to be transmissible by cocks. In cases observed enzootically in Italy, 
the cause was attributed to unsuitable diet, which led to the accumulation of indigestible food 
matter in the lower part of the intestine and so set up inflammatory irritation of the mucous 
membrane, which was increased by proliferation of the normal intestinal bacteria which in turn 
occurred under these conditions. 

The symptoms of sugar and molasses disease of horses are restlessness, profuse sweating, 
weakness of the hind quarters, temporary absence of intestinal sounds, retention of urine, 
acceleration of the pulse, increased thirst, distension of the bladder with urine, which may be 
reddish or coffee coloured, accumulation of soft food masses in the colon, soft foul-smelling feces 
covered with mucus, and at the height of the disease frequent lying down, sometimes symptoms 
resembling those of laminitis, and death from cardiac failure about 24 hours after the onset of 
the disease. Mild cases may gradually recover after abstention from sugar feeding. 

The turnip disease of horses begins, according to Sustmann, with severe colic, greatly reduced 
appetite, increased intestinal sounds, somewhat accelérated pulse and the passage of soft or thin 
faeces mixed with blood. Improvement takes place in 1 or 2 days, followed by recovery, but 
some weakness in the hind quarters may remain for about a week. 

The symptoms in horses caused by sliced turnips consist in cesophageal obstruction, acute 
dilatation of the stomach and acute gastro-intestinal catarrh, in some cases complicated by 
broncho-pneumonia and gangrene of the lung. 

The acute gastric catarrh in horses caused by rye feeding is followed by laminitis with cedema- 
tous swelling of the skin of the coronet, which sometimes extends to the carpal or tarsal joint. 

_'The mortality is 10 per cent. 

In ‘‘ bran poisoning”? in horses Nevermann observed colic, distension of the abdomen, 

reduced peristalsis, weakness of the back and sometimes inability to stand, constipation, evacua- 
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tion of foul-smelling liquid feces after the administration of purgatives, acceleration of the 
pulse, raised temperature to 40°8° C. Sometimes erosions of the tongue, painful swelling of 
the scrotum and prepuce and intense thirst. Post-mortem examination revealed peritonitis, 
swelling of the intestinal mucous membrane with punctiform hemorrhages, especially in the 
colon, and enlargement of the spleen. 

In an exclusive diet of horse flesh watery diarrhoea often occurs immediately or a few hours 
after ingestion, usually without any other symptoms of importance. 

[During the rigorous wintry conditions in the last stages of the first world war stewed 
horse flesh mixed with a few oats was fed to large numbers of starving horses and mules 
in the British Army. The animals rapidly improved in condition and no untoward effects were 
observed.—Editor.] 


The infectious diarrhoea of sucking pigs may run an acute, subacute or chronic course, and 
in the last case is accompanied by scabby eruptions of the skin. ‘The disease is usually fatal. 


Course. Mild cases of intestinal catarrh, in which the symptoms 
consist only in restlessness with expulsion of intestinal gases and fluid 
intestinal contents, usually subside in 2 or 3 days. In the majority of cases, 
however, the disease lasts for a week and is followed by a certain degree 
of lassitude. In severe cases the animal may become gradually exhausted 
and die in the course of 2 or 3 weeks, or the affection may run a sluggish 
course and become chronic. Some very severe cases occur in which there 
is great weakness, severe intestinal symptoms and a fatal termination in 
3 to 4 days, especially after the ingestion of decomposing food. 

A frequent complication is the coexistence of gastric catarrh. Other 
complications are albuminuria and/or nephritis, and in horses a diffuse 
superficial pododermatitis (founder). A not uncommon complication is 
urticaria. Occasionally there may be clonic spasms of the abdominal 
muscles, diaphragm or other muscles of the body, and in some cases there 
is cystitis due to excretion of bacteria by the kidneys. 

Diagnosis. It is only in the absence of diarrhoea that the diagnosis 
presents any difficulty, but in such conditions the marked intestinal sounds, 
the presence of colic or jaundice, and the comparatively slight changes in the 
pulse and the general condition should indicate the nature of the affection. 
On the other hand, the presence of diarrhoea does not always signify the 
existence of inflammatory changes in the intestinal mucous membrane, 
because diarrhoea may be of purely functional origin. To a certain extent 
the macroscopical and microscopical detection of mucus in the feces 
indicates the occurrence of catarrhal changes, except in cases in which 
the presence of hard fecal masses in the rectum or any form of intestinal 
obstruction sets up purely mechanical or reflex irritation resulting in the 
excretion of glairy or whitish masses of mucus (especially in horses). 
On the other hand, the absence of mucus does not exclude intestinal 
catarrh, because the mucus may have become digested or remain unrecog- 
nised in the feces because of its being so small in quantity. | 

Intestinal inflammation commences with severe general symptoms, weak 
and rapid pulse and complete loss of appetite, which often fail to yield 
to treatment. In the differential diagnosis acute infectious diseases, 
helminthiasis and coccidiosis must be borne in mind, for they often 
commence with acute intestinal catarrh. 
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For the detection of mucus in the feces in dogs Jakob gives an enema of lukewarm water 
(100 to 200 c.c.), and after 5 to 10 minutes siphons it into a white dish by lowering the infusion 
funnel, and examines it for mucus. If the macroscopical examination is negative, a specimen of 
faeces is mixed with acetic acid and examined ESR when mucus is recognised by 
the presence of stringy bands. | | 

Prognosis. Pan uncomplicated intestinal catarrh is only dan- 
gerous in very young or very old animals and in cases of debility, i in which 
it may sometimes be fatal. As a rule the affection terminates in recovery 
and rarely leads to chronic catarrh. Unfavourable symptoms are high 
fever, severe pains, prostration and persistent diarrhoea, which signify 
actual inflammation of the intestine. } 

Infectious gastro-intestinal catarrh of swine generally subsides in 
1 to 7 days under dietetic treatment. In distinction to infectious diarrhoea 
of sucking pigs, fatal cases are rare (according to Aronsohn, only 1 or 2 
per cent.). 

Treatment. The most important points are strict attention to 
the hygienic conditions of the affected animals, and regulation of 
their diet after a 2 days’ period of fasting, if this be practicable. 
For this object, rest in a warm and dry place is essential, especially 
in the case of young animals. Scrupulous cleanliness is necessary 
in feeding, and the eating and drinking utensils should be cleansed 
after every feed. ‘The parts of the body soiled with feces must also 
be cleansed and the feces themselves frequently removed. ‘The mouth 
should be rinsed several times a day with warm and slightly acidulated 
water. 

Any noxious food should be discontinued or its injurious effects 
neutralised by the addition of other material. For instance, the diarrhoea 
caused by feeding with beetroot leaves can be quickly relieved by alternat- 
ing with rough fodder, especially hay as the first feed in the morning. The 
same effect can be produced by the addition of 8 grammes calcium 
carbonate and 2 grammes sodium carbonate per kg. of beet leaves. 
Powdered wood charcoal is also useful for the same purpose. The 
noxious effects of an excessive turnip diet can be partly neutralised 
by the liberal addition of chaff (after previous soaking of the dry 
turnip slices), by feeding with plenty of hay, or by the addition of 
precipitated chalk. As a preventive against “sugar and _ molasses 
disease >. some authorities recommend the addition of other fodder 
(bran, turnip slices, etc.), and precipitated chalk, calcium phosphate, 
wood charcoal and rock salt. When cane sugar is given, a sufficiency 
of chaff and a liberal supply of hay should be allowed. 

To counteract the noxious effects of excessive horse flesh in the diet, 
Pfliiger recommends using the cooked meat without the broth, with the 
addition of 24 per cent. mutton or beef suet, or 10 to 20 per cent. of rice 
with 24 per cent. beef suet; but when the bones were included, or 2 to 3 
per cent. calcium carbonate added, the results were not so satisfactory. 
Frélich and Liithge recommend the admixture of wood charcoal with the 
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fodder, especially in milk cows, to which it can be given with silage or 
brewer’s grains, and to swine with turnips, silage and turnip chips. ‘The 
daily dose for cows is 50 to 60 grammes, for swine 15 to 30 grammes, 
according to the nature and weight of the fodder. 

The food should be easily digestible and not lable to cause irritation. 
Herbivora may be given sound, wholesome but not fresh hay (if necessary 
scalded), grain softened in warm water, crushed oats or barley mixed with 
water and salts, flour or bran mash, and if there is much diarrhoea mucila- 
ginous broths of oats or barley and linseed cakes. Ruminants may also 
have boiled turnips or potatoes. Swine may be given thick broth made 
with flour, rice, germinated malt, or linseed, bread soup, roasted oat or 
barley flour, roasted chestnuts, acorns or toasted bread. For carnivora 
the most suitable foods are strained barley-flour broth, crushed barley, 
rice, sago, boiled oatmeal with fat, thick meat broth with yolk of egg 
or various artificial foods. After the diarrhoea has ceased finely 
chopped meat may be given or broth thickened with bruised barley or 
rice, etc. Rabbits may be given roasted oats, young sprigs of oak or 
willow, scalded flour soup, thick flour broth with roasted rye bread. For 
fowls the most suitable foods are rice, maize, millet and other grain food 
in the cooked state, or in the form of mash mixed with precipitated chalk; 
also roasted and finely crushed barley, infusion of 15 grammes of oatmeal 
boiled in a quart of water, or 1 part of linseed to 20 parts of water. Parrots 
benefit by chocolate or bread soaked in red wine. 

The amount of water should be restricted, especially when there is 
diarrhoea, and only given after it has been standing some time. In 
dogs good results are often obtained from the administration of 
yoghurt (a teaspoonful every 2 hours till improvement occurs, 
then 3 or 4 times daily). In this treatment the yoghurt bacilli (B. 
bulgaricus) inhibit the development of the bacteria of protein putrefaction 
and so exert a favourable influence on intestinal catarrh due to this 
effect. Verge and Vallee obtained good results in calves with a highly 
virulent polyvalent bacteriophage (10 c.c. twice daily), during the ad- 
ministration of which milk feeding was replaced by linseed, rice or barley 
during the first 2 or 3 days. Sour milk and also lactic acid (in a 
20 per cent. solution internally) are said to have an equally beneficial 
ellect, 

The removal of the gastric and intestinal contents is important, as 
by this means the amount of irritating and toxic material in the intestines 
is reduced, and at the same time the intestine is to some extent disinfected 
by the removal of substances which would form a culture medium for 
the growth of micro-organisms. For this purpose lavage of the stomach, 
the use of emetics or possibly purgatives may be indicated. The last 
include castor oil: 250 to 700 grammes for horses; 500 to 1,000 grammes 
for cattle; 50 to 200 grammes for calves, foals, sheep and goats; 50 to 100 
grammes for swine; 6 to 50 grammes for dogs; 5 to 20 grammes for 
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cats; 5 to 30 grammes for rabbits and fowls (2 grammes for pigeons). 
In horses and ruminants castor oil is best given in double its quantity 
of hot water with a handful of salt, or with the same or double the dose of 
a thin bland oil (oil of sesame or rape-seed oil) in the form of an emulsion. 
In horses it can be given in 5° to 70 grammes of ether, and in dogs and 
cats in an emulsion with 4 gum arabic and 5 to 10 parts of water, 
‘peppermint water, tincture “of orange or lemon, etc., but preferably in 
gelatin capsules (3 to 10 capsules of 5 grammes). In swine castor oil may 
be given as an electuary with liquorice or honey, and in rabbits and 
poultry in the form of gelatin capsules (10 grammes; 2 grammes for pigeons). 
In poultry castor oil mixed with an equal quantity of water may be injected 
directly into the oesophagus with a syringe, or pieces of stale bread soaked 
in the oil can be introduced into the pharynx. 

Calomel as a laxative is frequently prescribed; it is useful as an 
intestinal antiseptic but because of its irritant action is not  par- 
ticularly suitable. Frohner observed toxic symptoms in a_ horse 
after repeated doses of 8 grammes. For the smaller animals grey 
powder is generally regarded as preferable to calomel; in either case 
the mercurial should be followed some hours later by the administration 
of a saline aperient. Neutral salts (magnesium and sodium sulphate) 
are also effective (for horses 250 to 500 grammes, for cattle 500 to 1,000 
grammes, for sheep and goats 50 to 100 grammes, for swine 25 to 50 
grammes, for dogs 10 to 25 grammes, for cats, rabbits and birds 1 to 5 
grammes), administered in a dilute solution ou 5 per cent.). 

In some cases the subcutaneous injection of laxative alkaloids in 
fractional doses is beneficial. ‘These are given 1 to 3 times at 2-hourly 
intervals: for horses, physostigmine 0:02 to 0:03 gramme, pilocarpine 
0:05 to 0:08 gramme, arecoline 0-01 to 0-02 gramme, and for other animals 
correspondingly smaller doses. Senna, although increasing peristalsis, 
has a laxative effect only in dogs and cats, and in the latter is not 
without danger. Hormonal (prepared from spleen and gastric mucous 
membrane, so-called peristaltic hormone) was found to have a mild 
laxative effect by subcutaneous injection in dogs (10 to 20 grammes), 
swine (20 grammes), sheep (10 to 15 grammes), and cattle (30 to 40 
grammes). In most cases there was a temporary febrile reaction due 
to the effect of the foreign protein. Gratzl observed a similar result in 
horses after the intravenous injection of 5 c.c. of tonephin (extract of 
posterior pituitary lobe), and in dogs after subcutaneous or intra- 
muscular injection of 1 to 3 c.c. Rectal irrigation with lukewarm 
water is useful for the removal of the contents of the lower part of the 
intestine. Liquid paraffin is beneficial as a lubricant and as a slight 
stimulant to peristalsis, and also inhibits the resorption of toxic substances 
from the intestine. 

Intestinal disinfection is best effected by thorough evacuation of the 
contents of the stomach and intestine; the various intestinal antiseptics 
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prescribed are of limited value, especially in herbivorous animals which 
possess a long intestine. The following are those most commonly em- 
ployed: resorcin (10 to 15, for small animals 0-05 to 1-0 gramme), 
creolin (in similar doses), creosote (5 to 10 or 0-1 to 0-2 gramme); the 
last is contained in pneumin (methylene-creosote), for horses 10 to 25 
grammes daily. Giinther recommends urotropin in dogs and Naucke 
and Reiff mercaffein. According to Assmann, collargol has a marked 
effect in reducing the secretion of mucus (1 part of gum mucilage to 5 
parts of a 1 per cent. solution of collargol). A 1 per cent. solution of 
collargol mixed with a suitable protective colloid is recommended by 
Klimmer, under the name of ventrase, for the treatment and prophylaxis 
of the dysentery of sucklings and also for disinfection of the intestine in 
inflammatory intestinal affections of young animals, swine and carnivora. 
In mycotic intestinal catarrh of horses Wester maintains that copper 
sulphate, administered daily (4 to 12 grammes) in warm water or as an elec- 
tuary, has a specific effect. Vegetable charcoal, on account of its power 
of adsorbing substances dissolved or in fine suspension in water and of 
fixing toxic substances, and possibly also bacteria, present in the intestine, 
and thereby rendering them innocuous, is very useful, especially when given 
in conjunction with purgatives. Large animals may be given 250 to 
300 grammes; foals and calves 10 to 15 grammes; goats, sheep and swine 
20 to 50 grammes; dogs and cats 2 to 10 grammes. It is administered as 
a lukewarm watery suspension. Kaolin has a similar action. 

Astringent drugs should be given only in persistent diarrhcea. These 
include antiperistaltic drugs such as opium (for horses 4 to 8 grammes; 
cattle 8 to 12 grammes; calves, foals, sheep and goats 0-5 to 2 grammes; 
dogs 0:03 to 0-12 gramme; cats 0-02 to 0-2 gramme); or tincture of 
opium, or opium suppositories and enemata. In cases accompanied by 
severe pains morphia may be given subcutaneously. Demulcent 
astringents such as infusions of linseed may also be administered when 
there is chemical or mechanical irritation of the mucous membrane. 
Talc (magnesium silicate) and kaolin (aluminium silicate) are also 
useful. 

The beneficial effect of astringents is due to their action in combining 
with the albuminoid constituents of the mucous membrane and its secre- 
tions to form a colloidal combination, which is insoluble in neutral or 
slightly acid media, and by forming a firm covering to the mucous mem- 
brane protects it from chemical, mechanical and bacterial injury, and 
also reduces the amount of glandular secretion and inflammatory exuda- 
tion in the intestine. Among the astringent drugs tannic acid appears 
to be the least suitable, as it disturbs the appetite and digestion, and also, 
because of its hydrolytic cleavage, becomes absorbed in the first part of 
the intestine. It is therefore preferable to use only preparations in which 
the tannic acid is only gradually liberated during intestinal digestion, 


and can therefore reach the lower part of the gut—e.g., oak bark, cinchona 
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bark and catechu (powdered oak bark—for horses and cattle 25 to 50 
grammes; for foals, calves, sheep and goats 1-5 grammes; as a decoction, 
electuary or pill). Synthetic compounds of tannic acid may also be 
used, but on account of their expensiveness are suitable only for small 
animals. ‘These include veterinary tannalbin (6 to 30 grammes for large, 
2 to 5 grammes for medium-sized, and 0-1 to 2 grammes for small 
animals), tannoform (condensation product of tannin and formaldehyde, 
given in same doses), salicyl tannalbuminate (same doses). Metallic 
astringents such as bismuth compounds also act in the same way as 
tannic acid by forming an adherent protective coating to the mucous 
membrane; bismuth subnitrate (for horses 5 to 15 grammes, cattle 10 
to 25 grammes, swine 2 to 5 grammes, dogs 0:5 to 1 gramme), bismuth 
subgallate, bismuth tribromophenyl, bismuth salicylate, or bismuth 
bitannate (for horses and cattle 15 to 30 grammes, for dogs 2 to 6 
grammes). 

The pulvis rhet compos:tus (B.P.), which contains rhubarb, mag- 
nesium carbonate and ginger, is largely used in the treatment of 
intestinal catarrh in calves and foals (doses 8 to 16 grammes). It may, 
with advantage, be given with 2 to 3 grammes of chlorodyne (tr. 
chloroformi et morphine composita—B.P.C.). 

The aperient action of rhubarb is followed by an astringent effect 
due to the presence of rheo-tannic acid. 

Through their astringent action on the mucous membrane and blood 
capillaries, as well as through their neutralisation of acid combinations, 
calcium compounds are useful, such as lime water (for horses and cattle 1 to 
2 quarts; for calves, foals, goats, sheep and swine } to 1 pint; for dogs, cats 
and birds tablespoonful or teaspoonful doses), calctum carbonate (for 
horses and cattle 10 to 50 grammes, for dogs and cats 0-5 to 5:0 grammes, 
given in food or in suspension). 

In catarrh of the colon enemas of lukewarm antiseptic and astringent 
solutions are indicated (silver nitrate 1 to 5 in 1,000, alum, tannin or 
sulphate of iron in 1 to 2 per cent. solution), also starch emulsion, with or 
without tincture of opium. The same drugs may be administered in 
suppositories. In the infectious cloacitis of fowls irrigation with o-1 per 
cent. solution of potassium permanganate is useful, also enemata of 1 in 
1,000 solution of silver nitrate (recommended by Gratzl and Richter for 
catarrhal colitis of horses and gastro-enteric catarrh of dogs). In horses 
30 to 50 grammes of nitrate of silver are dissolved in 30 to 50 litres of water 
warmed to 20° to 25° C., the solution being retained by tampons after the 
evacuation of any feces present. One or two applications are sufficient. 
In dogs this procedure is repeated 3 to 8 times at intervals of 2 to 8 days, 
1 or 2 litres of a 1 to 5 per cent. solution being introduced into the rectum 
while the hind quarters of the animal are raised. 

Uniform warmth reduces the peristaltic movements and also relieves 
pain. For this purpose hot compresses applied to the abdomen, and warm 
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drinks are beneficial, and for poultry hot sand baths (60° to 70° C.) may » 
be given. 
To counteract the severe debility following acute intestinal catarrh 
friction and warm packs may be applied, and also subcutaneous injec- 
_ tions of camphor, or caffein, or intravenous, subcutaneous or intrarectal 
infusions of physiological saline solution. Still better is a solution of 
-glucose, which should be sterilised and raised to body temperature 
and injected subcutaneously or intravenously in a 10 to 20 per cent. solu- 


tion. Large animals may be een 4. to 5 litres, medium-sized animals 
2 litres, and small animals } to } litre. 


14. Acute Gastro-Intestinal Catarrh in Young Animals 


AEtiology. Because of the marked sensitiveness of the stomach and 
intestine in sucklings gastro-intestinal disturbances are of frequent occur- 
rence at this period of life, especially when the young animal is on artificial 
feeding and particularly if it has been weaned too early. The epithe- 
lium of the mucous membrane of the stomach and intestine at this age 
is still delicate and also very sensitive, the musculature is incapable of 
extra exertion, the basal cells of the gastric glands are incompletely 
developed, the gastric juice contains little pepsin, and during the days 
immediately following birth the protective layer of mucus in the intestine, 
deficiency of which allows the absorption of material in an unaltered 
state, is absent. Also, in the sucklings of ruminants the fore-stomachs 
are not yet functioning and allow fluid food to pass directly into the 
abomasum without previous preparation. 

The actual cause of acute gastro-intestinal catarrh in  sucklings 
generally lies in defective condition and unsuitable composition of the 
milk, which may be due to the dam feeding on too rich fodder, but more 
frequently to insufficient feeding with watery, innutritious or decom- 
posing fodder. Certain constituents of the food, and of poisonous or 
resinous plants, or medicinal drugs, especially purgatives, are excreted 
in the milk, and therefore exert a noxious influence on the sucklings. 
The milk of cows fed on an abundance of distiller’s mash or oil cakes is 
also deleterious to the suckling. 

Other causes are acute infectious diseases, and also enteritis in the dam, 
as in these conditions the milk may contain toxic substances and patho- 
genic bacteria. Such affections of the dam include mastitis, foot-and- 
mouth disease, vaccinia, epizootic aphthe and intestinal tuberculosis. 
Over-exertion in the mother sometimes also causes a change in the com- 
position of the milk. Artificial feeding often takes part in the etiology, 
owing to the frequent neglect of cleanliness, and over-feeding with easily 
decomposable milk substitutes, or with dieal: broth, etc., mixed with 
skimmed milk; sometimes also from the destruction of the milk ferments 
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_by boiling. Another cause of digestive disturbance in sucklings is over- 
loading the stomach with large quantities of milk at too long intervals— 
morning and evening, for instance. 

Withholding of the colostral milk sometimes causes gastro-intestinal 
catarrh by interfering with the evacuation of the meconium from the 
newly born. Steiner observed several cases of this kind. Chilling of the 
body in cold, damp, draughty stalls, sucking from cold udders or in the 
open air in cold or wet weather are other causes. Another cause of gastro- 
intestinal catarrh in young animals is faulty weaning without proper 
transition to dry food. In weaned animals the affection may also be due 
to the same causes which produce it in adult animals—e.g., the prolifera- 
tion of intestinal bacteria and pathogenic micro-organisms. Infestation 
by parasitic worms is also a causal factor. 

Anatomical Changes. Post-mortem examination often reveals 
nothing more than hyperemia with slight swelling of the mucous mem- 
brane; sometimes there are hemorrhages and swelling of the follicles, and 
rarely superficial ulcers. 

Symptoms. These commence with loss of appetite in sucking 
and lassitude, soon followed by fever. Sometimes there is vomiting, 
after which the symptoms improve. Diarrhoea occurs early, sometimes 
from the first, and is accompanied by tenesmus. ‘The feces are liquid, 
yellow or yellowish-grey, foetid and acid, and contain white or grey 
flocculi (fat droplets, fatty acid crystals and bacteria), or are streaked 
with blood. Sometimes there is evidence of abdominal pain. The 
abdomen 1s retracted, the flanks sunken, or sometimes moderately dis- 
tended. ‘The intestinal sounds are sometimes increased in intensity. 
Occasionally there is tenderness to pressure in the region of the 
stomach. 

The animal soon becomes weak and emaciated and loses its appetite 
completely, the eyes become sunken, the skin dry and the coat harsh. 
The animal becomes apathetic, the extremities are cold, and an offensive 
odour exudes from the body. ‘The feces are passed involuntarily and 
there is sometimes prolapse of the rectum. 

Course. ‘The majority of cases terminate in recovery. The diarrhoea 
ceases in a few hours and the appetite gradually returns. Severe cases, 
on the other hand, may be fatal in 3 to 5 days, but sometimes linger for 
several weeks and die from broncho-pneumonia. In calves and lambs 
aphthous stomatitis is a frequent complication. 

Diagnosis. The dysentery of sucklings develops immediately or a 
few days after birth, runs a very unfavourable course, and is of an infectious 
character, while simple gastro-intestinal catarrh appears sporadically and 
can be traced to the influence of a definite external factor. Other infectious 
diseases, coccidiosis and helminthiasis must also be excluded. 

Treatment. First of all the diet must be regulated, including 
that of the mother. In cases in which artificial feeding is necessary 
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pasteurised milk, formalin milk (1 : 25,000) or perhydrase milk is advis- 
able, also the addition of lime water to the milk (a tablespoonful to a 
quart of milk) and also boiled oatmeal. Sucklings if necessary should be 
given a healthy foster-mother. The animals’ pens must be thoroughly 
cleansed and kept at a uniform temperature, and the teats of the dam 
should also be cleaned before suckling. 

Medicinal treatment is on lines similar to that for dysentery of sucklings 
(see Vol. I.) and for the intestinal catarrh of adult animals (see p. 142). 
Intestinal astringents and antiseptics—e.g., salts of bismuth, the salicylates 
and tannic acid preparations—are indicated. When diarrhoea is severe 
foals may be given tincture of opium up to 5 grammes in brandy. In cases 
complicated by collapse, subcutaneous or intra-rectal infusion of 2 litres 
of physiological saline solution or, preferably, a subcutaneous infusion of 
4. per cent. glucose solution should be administered. 


15. Catarrhal Intestinal Colic—Spasmodic Colic (Enteralgia 
Catarrhalis) 


- This affection, generally known as spasmodic colic, is a mild form of 
acute intestinal catarrh of short duration and accompanied by colicky 
pains, and is usually caused by functional disturbance of the intestine. 

Occurrence. In horses the most frequent cause of colic is a transitory 
acute intestinal catarrh. In the Budapest clinic 35 per cent. of cases of 
colic were found to be due to this cause, and Wirth at the Vienna clinic 
found the proportion to be 39 per cent. in an experience of ro years. 
In breeding studs and in army horses intestinal catarrh is also ne com- 
monest cause of colic. 

‘Etiology. ‘The causal factors are practically the same as in acute 
intestinal catarrh (see p. 136), including internal or external chilling of 
the body by exposure to cold and wet, and the ingestion of cold fodder 
or water. In cases due to dietetic error fermentation may occur in the 
gastro-intestinal contents and may give rise to sounds which can be recog- 
nised clinically (so-called “‘cramp sounds’’). Cavalry horses, which 
usually receive insufficient rough fodder, often develop intestinal colic 
after eating wet or mouldy straw used for bedding, especially after 
manoeuvres, when the animals are not in good condition. Cattle, 
especially draft oxen, sometimes develop the same symptoms after drinking 
large quantities of water during hot weather, and also as the result 
of errors of diet, especially at the commencement of the pasture season 
(“‘ May colic ’’). 

[In Great Britain spasmodic colic is regarded as a simple functional 
disorder depending on periodic, violent spastic contraction of the muscular 
layer of the intestines. Such contraction represents a local enteric reflex . 
due to “chill”? and/or to the presence of irritant substances in the gut. 
While these factors also elicit a mild degree of intestinal catarrh, this 
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condition is regarded merely as a concomitant to the symptoms of colic, 
as it plays no apparent part in their causation. 

Because of violent’ and irregular peristaltic contraction, masses of 
ingesta become segmented and large portions may become arrested in 
those parts of the bowel which are relatively quiescent. ‘The condition 
may thus proceed to impaction of the large colon, which results from a 
local tonic contraction of the bowel wall upon an impacted mass of ingesta ; 
or volvulus, due to the violent and irregular intestinal movements, may 
occur. While spasmodic colic is in itself a simple condition, the possibility 
of its proceeding to volvulus or to intestinal impaction must therefore 
be recognised—ED. | ) 

Pathogenesis. ‘The presence of irritating substances (gases, fatty 
acids) in the intestinal contents, either formed there or introduced with 
the food, and also of cold water, gives rise to spasmodic contractions which 
produce colicky pains. After the abnormal intestinal contents have been 
evacuated the spasmodic contractions cease, but the peristaltic movements 
remain active for some time. 

Symptoms. In horses there are exhibited severe colic symptoms, 
usually lasting 5 to 15 minutes. The intestinal sounds are increased’ in 
intensity, are sometimes continuous, and have often a metallic character 
in the region of the cecum and other parts of the abdomen. The feces 
may be unaltered, but are usually passed at short intervals in a semi-solid 
or fluid condition. 

In cattle attacks of colic are also severe and sudden in onset. Some- 
times there is slight enlargement of the abdomen and filling of the depres- 
sion in the left flank, but no marked distension. In about half an hour 
diarrhoea sets in, the pains subside and in a few hours the animal recovers. 

In swine there is great restlessness, frequent lying down, rolling, groan- 
ing and sighing or shrieking. After the expulsion of the gases and several 
defeecations the symptoms subside. 

Course. In mild cases the attacks of pain are of short duration, and 
the affection seldom continues longer than 6 hours, but the intestinal 
sounds may remain intensified for some time after the symptoms have 
subsided. ‘The prognosis is nearly always favourable and the intestinal 
contractions rarely give rise to volvulus, although intestinal impaction 
may occur as a serious sequela. 

Diagnosis. ‘The occurrence of paroxysmal abdominal pains, the 
absence of enlargement of the abdomen (in horses and usually in cattle 
and swine), the active peristalsis often with increased frequency of defeeca- 
tion, the absence of general symptoms, and the negative result of rectal 
examination are the chief points in the diagnosis, which is still further 
confirmed by the relief of the abdominal pains after administering chloral 
hydrate. 

Thrombo-embolism of the intestinal arteries (a rare condition) may 
give rise to abdominal pains, the origin of which can only be determined 
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with more or less probability, but the history of repeated attacks of abdom- 
inal pain without any apparent cause, the normal condition of the feces, 
and the detection of thrombosis of the mesenteric artery by rectal explora- 
tion point to an embolism of the intestinal vessels. 

Abdominal pains due to uterine contractions in premature parturition 
can be excluded by the unaltered character of the intestinal sounds 
and the presence of visible movements of the foetus. In cattle, internal 
strangulation (especially strangulation by the vas deferens) and invagina- 
tion can be excluded by the history, the clinical symptoms, and by rectal 
examination. In oxen, occlusion of the urethra by urinary calculi, and 
also balanitis, are excluded by the normal evacuation of urine (shown by 
wetting of the hairs at the preputial orifice, or the soaking with urine of 
a sack tied to this region), and the absence of pulsating movements of the 
urethra in the perineum, and of distension of the bladder. 

Treatment. Intestinal contractions are relieved by warm compresses 
applied to the abdomen, or injections of warm water into the rectum, or 
warm packs in the form of blankets soaked in warm water (40° C.), 
covered with a dry blanket and renewed after 10 minutes. In severe 
abdominal pains in horses subcutaneous injections of morphia 0-3 to 0-5 
gramme, or chloral hydrate 25 to 50 grammes (according to Forssell up to 
80 grammes), by the mouth or per rectum, or 10 to 15 grammes in aqueous 
solution intravenously. Atropine may also be given subcutaneously; 
also mild aperients should be administered, such as neutral salts or 
castor oil. Other drugs which may be indicated are physostigmine, areco- 
line in fractional doses (see p. 144), repeated at hourly intervals if 
necessary. The diet should be regulated as in acute intestinal catarrh 
(p. 143). | ; 

[In Great Britain, one of the several antispasmodic volatile oils—e.g. 
turpentine—in a bland oil, is more commonly administered as a primary 
treatment, followed ec by an aperient—e. ga solution of aloes 
ora solution of sodium sulphate. | 

Preventive measures consist In insuring a proper supply of hay, so that 
the animals do not eat théir bedding. Care should be taken to see that 
the animal’s straw is of good quality and dry. | 

Abdominal Pains in Uterine Contractions. In advanced preg- 
nancy thoroughbred mares often exhibit colicky pains due to mechanical 
irritation of the uterus by the movements of the foetus which set up spas- 
modic muscular contractions. These are liable to occur after changes in 
position of the foetus, injuries to the abdomen, or the ingestion of cold 
water or decomposing fodder. 

The symptoms resemble those which result from the intestinal con- 
tractions which occur in spasmodic colic, but the movements of the foetus 
can be felt by the hand pressed on the abdomen, and are sometimes visible 
through the abdominal wall. The pains-last for 1 to 3 hours, and then 
cease suddenly, but in some cases they are repeated at short intervals, 
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sometimes every second day or even every 6 to 8 hours. Medicinal treat- 
ment consists in the administration of antispasmodics and in anodynes— 
e.g., the rectal injection of chloral hydrate. 


16. Chronic Intestinal Catarrh (Catarrhus I[ntestinalis 
Chronicus) 


[The term chronic intestinal catarrh is applied to purely secretory or 
motor disturbances of the intestine, of prolonged duration, with or without 
chronic inflammatory changes in the mucous membrane. 

Etiology. Primary chronic intestinal catarrh is comparatively rare, 
and in most cases arises from the acute form, when this has continued for 
a long time or when the causal influences have continued to exert their 
action. The latter include improper feeding, the ingestion of toxic or 
_decomposing material, and in horses irregularities of the teeth. 

More commonly chronic intestinal catarrh occurs as a secondary 
affection in long-continued passive congestion due to chronic affections 
of the heart, lungs or liver, very rarely to thrombosis of the mesenteric 
artery. It also occurs in connection with other chronic digestive dis- 
turbances and in chronic infectious diseases (tuberculosis, para-tuber- 
culosis, pyobacillosis, and swine erysipelas). In the enteritis profunda 
chronica cirrhoticans eosinophilica of cattle the cause is unknown, 
as also in the contagious diarrhoea of race-horses described by Costa 
(contaminated food or a toxic action on the liver resulting from the 
criminal practice of doping has been suspected). Very often chronic 
intestinal catarrh is caused by helminth parasites. 

Pathogenesis. ‘This differs from that of acute intestinal catarrh 
(p. 138) by the permanent tissue changes due to the prolonged action of 
the exciting causes. These changes consist in increase and contraction 
of the connective tissue and shrinking of the glandular layer. Because 
of the diminution of the sensitivity of the affected parts of the intestine 
the propulsion of the intestinal contents is impaired, these become desic- 
cated owing to absorption, the intestinal flora prohferate and decomposition 
results. After a time the irritating substances produced in this way 
stimulate the intestine to increased peristalsis and the intestinal glands to 
increased secretion of fluid, but after evacuation of the decomposing 
contents the original condition is re-established. In cases with permanent 
impairment of absorption or with persistent secretion of fluid into the 
intestine, however, the intestinal contents are fluid. The prolonged 
disturbance of digestion and absorption in affections of the small intestine 
and cecum causes more or less impairment of the nutrition of the body cells. 

Anatomical Changes. The mucous membrane of the intestine is 
usually purple or brownish-red, sometimes of a slaty colour from the pres- 
ence of numerous greyish points, and is also thickened. The glands are 
hard and enlarged and in some places transformed into small cysts. In 
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some cases the mucous membrane is thin and pale and shows numerous 
small depressions at the site of the agminated and solitary follicles (so- 
called areolation). Occasionally there are round shallow erosions which 
later become deep ulcers with undermined and hard borders; these after 
healing present radiating cicatrices. In case of perforation of such ulcers 
peritonitis follows, usually circumscribed and adhesive. 

The pitted depressions and cheesy plugs found in the ileo-cecal valve 
of swine have frequently been mistaken for the necrotic ulcers of swine 
fever; they have no pathological significance, and according to Finzi 
are found in all swine between the ages of 7 to 18 months. ‘That 
this observation is correct is generally accepted. 

Symptoms. These begin with lassitude and depression of spirits, 
which is gradually followed by nutritional deterioration. The appetite 
is variable and the abdomen is retracted. Constipation often alternates 
with diarrhoea, in which the faeces may be mixed with shreds of mucus, 
masses of pus and sometimes blood; they also have a foetid odour. Some- 
times slimy masses of matter other than feces are evacuated. In other 
cases there is persistent diarrhoea, or on the other hand constipation, 
especially when the lower part of the colon is affected. Large quantities 
of intestinal gas are expelled periodically. Peristalsis 1s diminished when 
constipation is present, but is otherwise active. Colicky pains are rare, 
and when they occur usually precede or coincide with diarrhoea. The 
urine during the presence of diarrhoea or loss of appetite is distinctly acid 
in reaction and its indican content is increased. 


The contagious diarrhea of race-horses is manifested by the discharge of frothy, fluid, foetid feces 
and bile-stained urine. The pulse and temperature remain normal. ‘The diarrhcea persists, 
in spite of treatment, for several months or even for a year; but notwithstanding the con- 
siderable loss of strength, is rarely fatal. For treatment hexamethylenetetramine (urotropin) 
is recommended (2 to 4 grammes in a 50 per cent. solution intravenously). The diet should 
consist of green fodder and turnips. 2 

In young fowls of the age of 2 to 6 months a chronic contagious “ infective asthenia ”’ is some- 
times observed, which is due to severe duodenal catarrh caused by a strain of the coli bacillus 
which has been named Bacterium asthenia. ‘This affection is manifested by prostration and 
emaciation in spite of a voracious appetite, anemia of the exposed parts of the skin, and slight 
constipation. It is usually fatal in about 3 months. 


Course. The duration of chronic intestinal catarrh may extend to 
months or even years, during which anemia, oedema and exhaustion are . 
predominant symptoms in old and debilitated animals. 

‘Diagnosis. ‘The chief points in diagnosis are progressive emaciation, 
periodic attacks of diarrhoea, sometimes lasting for weeks or months, and 
the presence of undigested food in the feces. Masses of pus in the faces 
usually indicate ulceration of the intestinal mucous membrane. Careful 
examination of all the organs and investigation of the nature of the diet 
is necessary, in view of the fact that chronic intestinal catarrh is usually 
a secondary affection. In differential diagnosis the following have to be 
excluded: chronic infectious diseases, chronic affections of the liver, 
disorders of metabolism, helminthiasis and chronic uremia;. in horses 
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disability in mastication due to defective teeth, and in cattle Johne’s 
clisease. | | 

Treatment. Favourable cases will recover under a rational diet 
(pp. 105, 143) and regulation of the bowels with simple aperients, which 
should always be administered in moderate doses and dilute solutions 
4 to 1 hour before feeding. These aperients may be combined with 
bitter agents such as gentian, calumba or rhubarb. Severe and pro- 
. longed diarrhoea necessitates the employment of astringents and de- 
mulcent preparations. In horses good results have been obtained by the 
continued administration of creolin (6 to 10 grammes daily) in bolus or 
as a linctus. Copious enemata of silver nitrate solution (p. 146) have 
also produced good effects in both horses and cattle. In cases of purely 
functional disturbance of the intestine, such as are produced by defective 
mastication or improper diet, as well as by intestinal worms, the symp- 
toms usually subside after removal of the cause. 


17. Mucomembranous Enteritis (Enteritis Mucomembranacea) 
(Intestinal croup ; Croupous enteritis ; Pseudo-membranous enteritis) 


This affection is characterised by a peculiar, usually superficial inflam- 
mation of the mucous membrane with the formation of pseudo-membran- 
ous deposits consisting almost entirely of mucus. 

Occurrence. ‘This somewhat rare affection is seen most frequently 
in cattle, but according to Keilgaard is also common in horses; it is rare 
in sheep and exceptional in goats (author’s observations). In cattle it 
affects chiefly young and well-nourished as well as pregnant animals, 
especially in the spring when they are pastured o1 on rich meadows in wae 
weather after generous winter feeding. 

AAtiology. The nature of the disease suggests an infective origin, but 
the exciting cause is at present unknown. Accessory causes such as 
cooling of the body after the ingestion of cold water or frosted fodder also 
play a part in the etiology. The affection has often been observed after 
feeding on decomposed potatoes and carrots, but also after feeding on 
fresh fodder and bruised grain. Roger attributes the disease in horses to 
increased production and retention of oxalic acid in the sla. ESI EOH, 
resulting from disturbances in metabolism. 3 

Anatomical Changes. As a rule the changes affect the ileum, 
cecum and colon, but either the ileum or the colon may be affected alone. 
The intestinal contents are fluid and discoloured; in severe cases they are 
mixed with blood and exhale a foetid odour. Floating j in the liquid feces 
~ are yellow or brown semi-elastic, membranous, sometimes tubular masses 
from 4 to 1 and occasionally 8 metres in length, some of which are attached 
to the mucous membrane. ‘These masses consist of several hollow cylinders 
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enclosed one within the other and separated by dark layers of feces. 
The mucous membrane is reddened, and in severe cases is slightly swollen 
and streaked with blood. In horses the changes affect only short extents 
of the colon and the membranous deposits are less extensive. - 

Microscopic examination of the membranous deposits shows the 
presence of numerous granules in a fine stroma. Weigert’s fibrin reaction 
is negative, but the mucin reaction positive. Chemical analysis gives the 
same results. ‘There is therefore no proof of a true croupous 
(fibrinous) nature of the inflammation, but only of a peculiar catarrhal 
process with increased formation of mucus, similar to that found in 
human membranous intestinal catarrh. 

Symptoms. In cattle the symptoms usually begin with digestive 
disturbance, slight attacks of colic, rectal tenesmus, decreased secretion of 
milk, muscular tremors, injection of the conjunctiva and slight acceleration 
of the pulse and respiration. The colic subsides after 12 to 15 hours, 
but recurs after 5 or 6 days or later, when it is followed by the evacuation 
of foetid, liquid feeces containing grey or yellowish, pseudo-membranous, 
cylindrical bodies, sometimes of considerable length. After 1 or 2 days 
this suddenly subsides, but the feeces remain for some days fluid, foetid 
and mixed with mucus. After a time pseudo-membranes may again be 
passed. | | 

Deviations from this clinical picture may occur. In mild cases the 
animals may pass pseudo-membranous bodies in fluid feces mixed with 
mucus, without exhibiting any premonitory symptoms except slight 
restlessness. On the other hand, the disease may appear from the first 
in the form of severe enteritis, or this may develop later, sometimes with 
profuse intestinal hemorrhage. In these cases there is great prostration, 
complete loss of appetite, high fever, imperceptible pulse, and evacuation 
of foul-smelling liquid feces. , 

In horses the disease usually begins with restlessness, whieh is soon 
followed by lassitude and debility. In other cases symptoms of colic are 
absent, but there is diminution or complete loss of appetite. ‘There is often 
fever (39°5 to 41° C.) and acceleration of the pulse rate. In the later stages 
of the affection attacks of colic occur, the faeces are covered with a thick 
coating of. mucus, and greyish or white, opaque and curled-up strands or 
pseudo-membranes of mucus formed in the intestine are evacuated in the 
feces. ‘The affection terminates in a few days with recovery. | 

Course. The disease usually lasts from 8 to 12 days, sometimes 
rather less or rather more. It generally terminates in recovery, and a 
fatal issue occurs only in cases which develop severe degrees of enteritis 
or intestinal haemorrhage, sometimes in 4 or 5 days. In rare cases fatal 
intestinal obstruction may be caused by the accumulation of pseudo- 
membranes. 

Diagnosis. The presence of pseudo-membranes in the intestinal 
evacuations distinguishes the disease from any other inflammatory affection 
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of the intestine. ‘These membranes, by their characteristic appearance and 
cylindrical structure, and the absence of fragments of mesentery or blood- 
vessels, are easily distinguished from ingested pieces of tendon, intestinal 
worms, or necrosed portions of intestine. 

Treatment. In the early stages the administration of alkalis, and of 
neutral salts, is indicated; later demulcents and astringents. The diet 
should be regulated as in acute intestinal catarrh (p. 143). 

Pseudo-membranous Enteritis of Cats. This affection, originally 
known as croupous enteritis, but now as infectious enteritis of cats, 1s 
widely recognised as common in young animals especially in the 
spring and winter months and also after cat shows. Its infectious origin 
has been proved experimentally by Verge and others to be due to an 
ultra-virus, the coli and paratyphoid bacilli previously described merely 
representing secondary invaders. The virus is present in the blood, 
brain, spleen and abdominal lymphatic glands, and also in the saliva, 
urine and feces. It remains virulent in 50 per cent. glycerin for 30 to 50 
days. Intravenous, subcutaneous, cerebral and abdominal injections of 
a filtrate of the nasal secretion or of tissue emulsion into young cats caused 
infection and death in 8 to 10 days. Natural infection takes place by 
direct contact between animals through the medium of the secretions 
and feces, also through copulation. Urbain and Léwer observed a 
similar affection in young panthers which was also caused by a filtrable 
virus, but differing from that of enteritis of the cat. 

The anatomical changes consist in catarrhal swelling of the mucous mem- 
brane of the ileum or of the whole small intestine, occasionally also of that 
of the stomach and colon. ‘The wall of the gut is often increased in thick- 
ness, rigid and transparent, and according to some observations in about 
50 per cent. of cases there is a membranous deposit on the mucous mem- 
brane. ‘The mesenteric lymphatic glands are often enlarged and the 
spleen invariably so. Other findings include hyperemia of the lungs, 
serous pleuritis and peritonitis. Histological examination shows transitional 
stages from simple hyperemia to a hemorrhagic condition with necrosis 
-of the mucous membrane, sometimes a deposit of desquamated epithelium 
and fibrin, and cell infiltration of the mucosa and submucosa. 

The symptoms are depression, fever, loss of appetite, vomiting, diarrhcea, 
and rapid prostration. ‘The termination is usually fatal and often arouses 
a suspicion of poisoning. In cases which recover, immunity is incomplete. 

The treatment is so far not promising. Urbain obtained immunisation 
with a splenic emulsion prepared with 2 per cent. formalin solution; 
Leasure, Lienhardt and Tabemer with simultaneous inoculation of an 
attenuated virus and hyperimmune homologous serum. 
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18. Gastro-intestinal Inflammation (Gastro-enteritis) 


(Intestinal mycosis ; Fungus and meat poisoning ; Croupous or diphtheroid — 
enteritis ; Dysenteric gastro-enteritis) 


Under this term are included all inflammatory processes affecting 
~the stomach or intestine in which there is hemorrhage, suppuration, the 
formation of the croupous or diphtheroid membranes, or tissue necrosis, 
and which do not constitute specific diseases, in so far that they are not 
yet differentiated as distinct pathological entities. In horses they give — 
rise to a common form of colic. 

‘Etiology. In many cases primary gastro-enteritis develops from a 
simple catarrh, or directly as a deeply extending inflammatory process, 
as the result of dietetic error. Liidecke observed hemorrhagic enteritis 
in cattle after feeding with green beet leaves treated with sodium nitrate. 
Similar cases occur in horses in which death may quickly result from 
collapse. Omler observed hemorrhagic gastro-enteritis in two flocks 
of wethers after one day’s pasturing on rye stubble with an abundant 
aftermath, the animals being affected with diarrhoea and intense con- 
gestion of the buccal mucous membrane (mortality 13:4 and 59:4. per 
cent.). Enzootic hemorrhagic enteritis in cattle following upon pastur- 
ing on withered grass after a sharp frost has been described by Vukovic. 
Bergeon observed gastro-enteritis in imported dogs in Cochin-China, 
after exclusive feeding on rice. Ellenberger also found hemorrhagic 
enteritis after feeding with rice meal. The same effect may be pro- 
duced by rye grain containing ricinus. 

Decayed and mouldy foodstuffs are also causes of gastro-enteritis 
(fungus poisoning, gastro-enteritis mycotica, mycosis intestinalis), and 
in herbivora decomposed or fermenting turnips, turnip slices, potatoes, 
mouldy grain, and sour rough-feed, mouldy bread, meal and oil cakes. 
Fumagalli observed enzootic croupous enteritis in birds after eating food 
contaminated with aspergillus fungi, and ‘Tschernjak found proliferative 
processes and necrosis of the mucous membrane in swine caused by mould 
fungi. In disease caused by mould fungi neurotoxins are formed, partly 
exciting and tetanoid, partly paralytic, especially in the spring and summer 
months (Ceni and Besta, Baudin and Gautier). On the other hand, 
animal experiments have shown that rust and smut fungi are harmless 
(Pusch, Fischer, Dobson, and others), although Weber found these 
fungi in causal relationship to disease affecting a herd of brood sows. 
The cause of the epizootic disease occurring in swine after feeding on 
North American barley is not yet explained, although the formation of the 
toxic agent through decomposition or through the action of a specific 
form of fungus is not excluded. Karmann has shown that gastro- 
enteritis may be caused by the presence of the larve of mites and beetles 
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in the fodder (Glyciphagus domesticus, Aleurobius faring), either by promot- 
ing the proliferation of bacteria in the food material, or by mechanical 
injury to the tongues of the animals. Again, the consumption of bedding 
straw or manure, and the drinking of water contaminated with animal 
offal or from pools in the neighbourhood of dung heaps are frequent 
causes of infection. 

In carnivorous animals gastro-enteritis may be caused by the ingestion 
of decaying meat or meat containing infective bacteria, especially in 
association with septicemia caused by pyogenic bacteria (puerperal fever, 

septic wounds, suppuration in joints and serous membranes, streptococcal 
- mastitis, enteritis, etc.), occasionally also in specific septicemia (anthrax). 
In some parts of Hungary dogs are affected after eating the flesh of animals 
infected with swine fever. Berger observed a case caused by eating 
the organs of fowls infected with fowl cholera. 

Decaying meat does not appear to be especially harmful (Miiller), 
because the toxic substances are not formed until putrefaction is far 
advanced. ‘The harmlessness of animal meal made from putrefactive 
meat or meat containing infective bacteria has been shown by Glage 
by animal experimentation. However, swine fed on meat or blood meal 
often suffer from hemorrhagic enteritis as the result of subsequent bacterial 
infection of the foodstuff, because of insufficient attention to cleanliness in 
its preparation. : 

Pathogenic organisms may also gain entry to the intestine with other- 
wise sound fodder. From such a mode of infection arises the so-called 
dysentery of cattle, which occurs almost exclusively in adult animals 
during stall feeding, rarely in those on pasture, and is sometimes enzootic. 
In this affection, however, the action of the normal intestinal bacteria 
in association with predisposing causes, such as malnutrition, cannot be 
excluded. It is also possible that dysentery in adult cattle may represent 
a form of haemorrhagic septicemia. In the contagious diphtheroid 
enteritis of rabbits a Gram-negative to Gram-labile bacillus inoculable 
in guinea-pigs and mice was discovered by Sarnowski. A form of 
primary diphtheroid enteritis has also been described by Kowalewski 
in cattle of the Ural regions, and by Roll, Johne and others in 
various kinds of birds. In cases of infectious diarrhoea of cows occurring 
in certain parts of America, Jones found a micro-organism in the intestine 
which he designated Vibrio jejuni, resembling the vibrio of human cholera. 
Cultures of this organism, and also specimens of feces from the affected 
animals, gave positive results from inoculation. 

Enteritis often develops simply as the result of proliferation of the 
normal or occasional intestinal bacteria, which, especially after dietetic 
errors, unhygienic conditions, insufficient feeding and over-exertion, 
increase in virulence and become pathogenic, in the absence of other 
contributory causes. Piorkowski and Jess observed an enzootic enteritis 
in horses caused by coli bacteria, which resulted in perforation of the 
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intestine. Enzootic forms of enteritis, in which the B. enteritidis Gartner 
and the B. enteritidis breslaviense were isolated, have been reported by 
Mohler and Buckley in cattle, by Schoop and Verge in farm foxes, and 
by Schaaf in ducklings. Baumann and Gratzl found the paratyphoid 
B. bacillus in cases of enteritis in horses. Berge observed chronic 
enteritis with symptoms of wing paralysis in pigeons in which contagion 
was spread through the intestinal evacuations. It is possible that the 
hemorrhagic enteritis of dogs is caused by pathogenic intestinal bacteria. 
The etiological importance of spirochetes is not yet clear, as sapro- 
phytic spirochetes are normal inhabitants of the stomach and intestine 
of dogs, although they can be distinguished from the Spirocheta melano- 
genes leptospira, which is regarded as pathogenic and the causal agent 
of *‘ Stuttgart disease’? in the dog, by their size and thickness, the irregu- 
larity of their undulations, the absence of oval granules at their extremities, 
and the absence of fine primary spirals. According to Carré, the 
pseudo-tubercle bacilli of Preisz-Nocard causes a hemorrhagic, necrotic 
enteritis in horses, and the ‘“‘ mal rouge”’ of sheep may have a similar 
origin. Chaussé observed a somewhat similar form of hemorrhagic 
enteritis in cattle. The croupous or diphtheroid enteritis caused by the 
necr6sis bacillus occurs in circumscribed patches or covers extensive areas 
of the intestine, especially in swine and horses, but also in calves, sometimes 
in an enzootic form. 

Over-exertion and fatigue play a not inconsiderable part in predisposing 
to gastro-enteritis, especially after long journeys by road, rail or sea, 
and during hot weather, by reducing the resistance of the body against 
the action of intestinal bacteria. and paratyphoid bacilli.’ Gastro- 
enteritis developing within 24 hours after exposure to these causes is 
generally of a hemorrhagic nature and usually fatal.. Graham, Reynolds 
and Hill succeeded in inoculating horses and mules experimentally 
with Gartner’s paratyphoid only when the natural resistance of the 
body had been reduced by hunger and exhaustion during railway 
transport. . 

The ingestion of large quantities of sand often gives rise to gastro- 
enteritis in horses and swine after transport in railway waggons with 
sanded floors, and in herbivorous animals after having been fed fodder 
mixed with sand to increase their body weight. In these cases the intestinal 
bacteria also play a part owing to the mechanical irritation and superficial 
erosions caused by the sand grains, which allow the bacteria to penetrate 
the mucous membrane. In cases observed by Schniirer in pigeons, 
the same effect was produced, especially in young birds, by the ingestion 
of oat chaff. 

In birds, in addition to those mentioned, other causes are concerned. 
In song birds, marked variations in temperature, ice-cold drinking water, 
wet green food, excess of protein food, unripe seeds, but especially decay- 
ing or mouldy grain, predispose to gastro-enteritis. 
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Secondary gastro-enteritis sometimes follows other affections of the stomach 
and intestine, and is especially associated with the presence of foreign 
bodies and parasites, with decomposition of the stomach and intestinal 
contents, severe constipation, intestinal obstruction, stenosis and displace- 
ment. It may also follow hemorrhagic impaction of the intestinal wall 
due to thrombosis of the mesenteric artery, and mechanical injury to the 
intestinal epithelium. The proliferation of the intestinal bacteria under 
such conditions accounts for the frequency of deep inflammation in 
diseases of the digestive system. Systemic and also specific diseases, 
especially severe pharyngitis, purpura hemorrhagica and croupous pneu- 
monia, may also be followed by enteritis. These cases arise from the 
action of pathogenic bacteria and bacterial toxins excreted through the 
intestinal mucous membrane. ‘To this category also belongs anaphy- 
lactic enteritis. 

Gastro-enteritis often occurs as a symptom in specific infectious 
diseases, among which may be mentioned anthrax, gas gangrene in swine, 
hemorrhagic septicemia, swine fever, cattle plague, the intestinal form of 
malignant catarrhal fever, equine influenza, canine distemper, canine 
typhoid and fowl typhoid. In horses, the symptoms of intestinal tubercu- 
losis are those of a protracted enteritis. The Nairobi disease of sheep 
and goats, which occurs in British East Africa and is due to a filtrable 
virus, also runs the course of an acute febrile gastro-enteritis (Knuth 
and du Toit). Certain intoxications also give rise to more or less severe 
gastro-enteritis, especially those caused by caustic or acrid substances 
(acids, alkalis, phosphorus, arsenic, lead, mercury, carbolic acid, croton 
oil, chloral hydrate, cantharides, lupins and other plants containing 
acrid substances). For further information on specific infectious diseases 
and intoxications the reader is referred to the corresponding chapter 
in Vol I. and to textbooks on toxicology. 

Pathogenesis. ‘The development of gastro-enteritis differs from that 
of simple acute intestinal catarrh (p. 138) only in the greater severity of 
the lesions. ‘These consist in degeneration and often destruction of the 
intestinal epithelium, whereby the causal agents of inflammation are 
enabled to penetrate the deeper layers of the mucous membrane and even 
the intestinal wall, giving rise to an albuminous, fluid exudation, increased 
secretion of mucus, migration of leucocytes and sometimes the presence 
of red blood cells, both in the wall and lumen of the intestine, and also 
an active absorption of toxic substances. 

Both in the products of exudation and in the unabsorbed constituents 
of the food decomposition sets in with the formation of irritant and toxic 
substances resulting from the proliferation of intestinal bacteria as well 
as of micro-organisms from without. ‘The intestinal movements are 
affected according to the nature and quantity of the intestinal contents 
and the depth of the inflammatory process. ‘The formation of irritant 
substances generally causes acceleration of the peristaltic movements, 


GASTRO-ENTERITIS | 161 


but in deep-seated inflammation the movements may be suppressed by 
reflex inhibition from the sympathetic nervous mechanism; also when the 
products of decomposition which stimulate peristalsis are absent in the 
initial stage, or when the intestine is empty. Owing to these effects on 
peristalsis the frequency of defecation also varies. When the lower part 
of the colon and the rectum are involved, however, the evacuation of 
faeces may be effected independently by reflex action during efforts at 
defecation, as distinct from peristalsis of the colon. 

The profuse exudation and consequent loss of water, the severe cir- 
culatory disturbances, the thickening of the blood and sometimes loss of 
blood, the congestion of the splanchnic area, as well as the absorption 
of toxic products of decomposition and of bacterial toxins, all combine 
to cause a considerable degree of debilitation. 

Toxic substances introduced in putrefactive or mouldy fodder, and 
infectious bacteria contained in the food or already present in the alimen- 
tary canal become absorbed, because the intestinal epithelium and 
digestive ferments are incapable of completely destroying them. ‘The 
absorbed bacterial endotoxins and products of protein cleavage give 
rise to fever and injury of the parenchymatous organs; the bacteria which 
reach the general circulation and are not immediately destroyed may .- 
produce inflammation in other organs or give rise to general infection, 
which, especially in acute cases of. paratyphoid enteritis, may pre- 
dominate over the frequently slight local changes. The migration of 
bacteria from the intestine may in some cases involve the _peri- 
toneum. 

Anatomical Changes. ‘The contents of the stomach and intestine 
are often foetid and mixed with blood. ‘The mucous membrane is bright 
or dark red, either uniformly or in patches, especially in the thickened 
folds, and shows punctiform or linear hemorrhages and sometimes larger 
effusions of blood (gastro-enteritis heamorrhagica). In the stomach there 
are often small, circular, sharply defined hemorrhagic erosions. The 
epithelium of the mucosa as the result of necrosis may present the appear- 
ance of a frosted, ashy or branny deposit. In some cases the submucosa 
is oedematous, in other cases the submucosa of the stomach is infiltrated 
with purulent exudation (gastritis purulenta s. phlegmosa). Sometimes 
the mucosa is covered with greyish or yellowish membranous deposits 
(gastro-enteritis fibrinosa s. crouposa), which may be quite superficial or 
may extend into the deeper layers of the mucous membrane (gastro- 
enteritis diphtheroides) and are most frequently found in the colon. After 
the necrotic parts of the mucous membrane have been cast off, tissue 
erosions or ulcerations, of various extent and often irregular in outline, 
are left (gastro-enteritis ulcerosa), and these may develop from the action 
of caustic substances without previous formation of pseudo-membranes. 
If the disease is prolonged, especially in the presence of the necrosis bacillus, 
the intestinal wall becomes rigid and thickened. The agminated and 
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solitary follicles of the mucous membrane are always more or less swollen. 
The peritoneal covering of the stomach and intestine shows arterial in- 
jection and sometimes different degrees of inflammation. ‘The mesenteric 
lymphatic glands are acutely swollen. Frequent incidental findings are 
swelling of the spleen, degeneration and sometimes inflammation of the 
parenchymatous organs, and occasionally metastatic abscesses. (In a 
hare affected with extensive pseudo-tuberculosis Stroh found changes 
resembling those of human appendicitis.) 

Birds often present signs of haemorrhagic enteritis with dark red 
colouration of the intestinal contents and redness and swelling of the 
mucous membrane. In cases of croupous or diphtheroid inflammation 
the ileum or cecum contains soft, yellow, pseudo-membranous masses, often 
cylindrical and the length of the finger. The red and swollen mucous 
membrane is infiltrated with blood; or in other cases the intestinal contents 
are muco-purulent, or like rice water, or reddish-grey in colour, and the 
mucous membrane is infiltrated with serous exudation, softened in places 
or covered with coagulated fibrin. | e 

“Symptoms. Gastro-enteritis sometimes begins as an acute gastro- 
intestinal catarrh, but more commonly as a severe inflammatory process. 
. The appetite is lost and rumination ceases, but thirst is often very intense. 
Usually there are dull abdominal pains, but sometimes these are severe. 
Vomiting is frequent in carnivora and swine, and is sometimes accompanied 
by hematemesis. In herbivorous animals vomiting or eructation may also 
occur. ‘There is tenderness to pressure in the region of the stomach and 
usually also in the abdomen (except in horses). In ruminants there is also 
considerable abdominal distension, but in the later stages the abdomen 
is, as a rule, retracted. ‘The intestinal sounds, when the stomach is the 
chief seat of the affection, are more or less diminished, in conjunction 
with retention of feces; but when enteritis predominates the sounds are 
intensified and accompanied by diarrhoea and painful tenesmus, with 
the passage of foul-smelling feces, sometimes mixed with blood and 
shreds of tissue, especially in dogs; sometimes almost pure blood is passed. 
In the later stages the faeces may be passed involuntarily, through reflex 
relaxation of the sphincter ani. After prolonged diarrhoea the intestinal 
sounds become inaudible and the feces are retained, in spite of tenesmus. 
In dogs, and sometimes in cattle, ulcerations develop in the mucous 
membrane of the cheeks and gums. ‘The urine is acid and albuminous, 
and sometimes contains renal casts and blood. 

In addition to prostration and other severe general symptoms there are 
varying degrees of fever (Fig. 14), but in the hemorrhagic enteritis of 
dogs the temperature soon falls or may be subnormal from the first (30° C.). 
The pulse is always weak and accelerated and sometimes impalpable. 
The extremities are cold, the skin is covered with sweat and the eyes 
are deeply sunken. ‘The animal finally lies in a condition of stupor, or 
shows convulsive movements, vertigo or muscular spasms, and sometimes 
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symptoms resembling staggers. Hemorrhages in the skin, mucous 
membranes and retina are sometimes observed. In the haemorrhagic 
enteritis of dogs Wirth found an increase in the number of red blood 
corpuscles (up to 11,360,000) and of hemoglobin (up to 140°) in the 
blood, corresponding to the 
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passage of liquid,  foetid 
faeces, sometimes mixed with pseudo-membranes, and death occurs soon 
afterwards. In the second form the animal usually suffers only from 
mild colic, fever is absent, or appears only in the last stage of the disease, 
but the pulse rate is accelerated from the first and there are signs of 
severe disturbance of the general condition.: There is often great 
emaciation, and the passage of pseudo-membranes has been observed. 
The third form begins with symptoms of staggers (staggering or 
“ paddling’’ gait, pressing the head against the wall, etc.), and _ ter- 
minates fatally without the appearance of any intestinal symptoms 
(Folger). | 

Infectious diarrhea of cows is characterised by general inertia, loss of 
appetite, abdominal pains, decreased secretion of milk, dark brown or 
greenish intestinal evacuations, sometimes mixed with blood and mucus, 
and the absence of fever. Recovery generally takes place in a few 
hours or after 4 or 5 days (Marshall recorded a mortality of 30 to 40 per 
cent). 

In birds the symptoms of gastro-enteritis are loss of appetite, depression. 
laboured movements due to muscular rigidity, downward bending of the 
hind quarters, rocking movements of the tail, increased thirst, diarrhoea 
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with evacuation of yellowish or greenish-black feeces mixed with blood 
or mucus, and a reddish or bluish-black appearance of the intestines 
seen translucently. Death may occur within 36 hours with convulsions, 
but if the disease is confined to the cecum the animal may live for a week. 

Fungus poisoning is manifested in the different species by the following symptoms: In mould 
fungi by loss ofappetite,tympanites, constipation or diarrhoea, with blood-stained, slimy and some- 
times foetid faeces, polyuria, vertigo, stupor, symptoms resembling staggers, paralysis of the limbs, 
tongue, etc., amaurosis and profuse sweating. (Tetzner observed a case with gradual develop- 
ment of enteritis with fecal obstruction in the colon through paralysis of the cecum and ileum.) 
In smut fungi by salivation, persistent masticatory movements, vertigo, general motor and sensory 
paralysis and sometimes gastro-enteritis. In rust fungi by dermatitis of the head (lips, cheeks, 
eyelids), conjunctivitis, urticaria, stomatitis, pharyngitis, glossitis, colic, hemorrhagic diarrhoea, 


hematuria, paralyses, somnolence. In yeast fungi by severe cerebral excitement followed by 
stupor and symptoms of paralysis. 


Course and Prognosis. In very severe cases the course terminates 
fatally in the first 2 days, sometimes in 24 hours. In less severe cases death 
may occur from exhaustion after 1 or 2 weeks. Recovery is rare and convales- 
cence prolonged. ‘The more rapidly the symptoms become exacerbated 
the less is the probability of recovery. The principal unfavourable signs 
are great acceleration of the pulse, profuse and hemorrhagic diarrhoea 
or obstinate constipation. ‘There are some cases, however, especially in 
herbivorous animals, in which a mild gastro-intestinal catarrh lasting 
1 or 2 weeks is suddenly followed by exacerbation of the symptoms and 
death in 1 or 2 days. _ Enteritis in swine due to the necrosis or para- 
typhoid bacilli not infrequently runs a milder course. 

Diagnosis. A correct diagnosis can usually be reached by the sudden 
onset and rapidly increasing intensity of the symptoms, the frequent 
presence of abdominal pains, and in herbivorous animals by the obstinate 
diarrhoea (which may occur from the outset or after initial constipation), the 
great prostration, often with severe nervous disturbances, and the marked 
acceleration and weakness of the pulse. In some cases the cause is dis- 
covered by the history and by the results of examination of the food, 
pasture and drinking water. The symptoms described distinguish the 
affection from simple gastro-intestinal catarrh, in which general symptoms 
are slight or absent and which quickly resolves under proper treatment. 
Secondary gastro-enteritis arising from other affections of the stomach and 
intestine (dilatation of the stomach, fecal impaction, intestinal concre- 
tions, and helminthiasis, etc.), are preceded by the symptoms of the 
primary disease and the complication with gastro-enteritis is indicated 
by acceleration of the pulse and a rise of temperature. Parasitic affections 
of the stomach and intestine are recognised by macroscopic and micro- 
scopic examination of the intestinal evacuations. It is important to 
exclude secondary gastritis in certain acute infectious diseases (anthrax, 
hemorrhagic septicemia, swine fever, rinderpest, fowl cholera, etc.). 
Apart from examination of the food and enquiry into the mode of develop- 
ment of the affection and its sporadic or enzootic appearance, it is important 
to determine the presence of changes in the skin, buccal cavity, eyes and 
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respiratory organs, and also the frequent absence of colicky pains. In- 
testinal tuberculosis and paratuberculous enteritis are only recognised 
with certainty by microscopical examination of the feeces or scrapings from 
the mucosa of the distal portion of the colon. In horses, intestinal tuber- 
culosis can often be diagnosed by rectal examination of the mesenteric 
glands and spleen. In differentiation from intoxications, attention must 
be paid to the condition and composition of the food and the nature 
of pasture plants and drinking water. Enquiry should also be made as 
to whether the animals have been treated with caustic remedies or their 
houses disinfected with such substances; also whether the affection has 
occurred simultaneously in several animals and has been manifested 
by an afebrile course and pathological changes in other organs, espe- 
cially in the mouth and pharynx, the respiratory passages, eyes and 
skin. : 
Treatment. This corresponds on the whole with that of acute in- 
testinal catarrh (p. 142). For the first day or two no food should be given, 
but thirst may be relieved by lukewarm water; dogs may be given cold 
tea or dilute whisky and water. In cases of debility mucilaginous 
nourishment such as decoctions of linseed, oats, rice or sago may be given, 
with the addition of red wine and eggs, or soup containing wine and yolk 
of egg, provided the condition of the stomach allows the administration 
of such substances; otherwise nutrient enemata must be given, or if the 
rectum is also involved in the disease process nourishment may be 
administered subcutaneously or intravenously (p. 36). 

In order to remove the harmful and decomposing contents of the 
stomach and intestines as soon as possible, emetics have been advised 
in swine and carnivora. A preferable method is gastric lavage, or if 
this is impracticable, mild laxatives such as castor oil, salts or grey 
powder may be given (p. 143). The subcutaneous injection of drugs 
which stimulate peristalsis (physostigmine, arecoline, etc.) in fractional 
doses may be indicated in horses and cattle in the absence of abdominal 
pains (p. 144). 

Antiseptics (p. 144) should be administered as soon as possible in 
affections of the stomach and proximal part of the small intestine, also in 
involvement of the distal part of the colon, where they can be introduced 
by enema; but resorcin, naphthalene, salicylic acid, etc., should be avoided 
on account of their liability to damage the intestinal epithelium. Raebiger 
recommends in some cases medicinal methylene blue (for adult cattle 
5 to 10 grammes in capsules or pills, for calves and sheep 0-5 to 1-0 gramme 
in water or milk). Demulcents and astringents (p. 145), especially. vege- 
table charcoal, may also be used. Massive enemata of silver nitrate are 
also to be recommended (p. 146). In dogs and cats good results have been 
obtained from intravenous injections of formalin (for cats, 3 to 5 drops 
of a 40 per cent. solution of formaldehyde with 4 to 5 c.c. of physio- 
logical salt solution; for small dogs, 5 to 10 drops; and for large dogs, 
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10 to 15 drops, with correspondingly increased amounts of salt solution). 
Congo red (5 to 10 c.c. of a 1 per cent. aqueous solution) may also be 
given on account of its hemostatic action. Protein therapy may also 
be attempted (see Croupous Pneumonia) by repeated subcutaneous or 
intravenous injection of heterogeneous blood serum (dogs and young pigs. 
1 to 2c.c., calves and pigs 20 to 30 c.c., horses and cattle 100 to 150 c.c.), 
or by subcutaneous injection of milk sterilised by boiling in the same 
quantities, with which Dasch claims to have obtained favourable results 
in hemorrhagic enteritis in dogs (20 c.c.). In the hemorrhagic forms the 
following hemostatics can be used: adrenaline in o-1 per cent. solution 
(0-02 to 0:04 c.c. of the o-1 per cent. solution to 1 kg. of body weight sub- 
cutaneously or 0-01 c.c. intravenously; for dogs 30 drops internally every 
3 hours, or a total of 0-2 to 0-5 c.c. subcutaneously), also peptone in a 
5 per cent. solution with physiological serum (after neutralisation with 
sodium carbonate, for dogs 15 grammes daily internally, or after 
boiling and filtering 10 to 20 c.c. subcutaneously). In cases of poisoning 
antidotes, gastric lavage, mild laxatives and vegetable charcoal are 
indicated. 

Severe abdominal pains are relieved by opium or morphine. In 
cases of prostration and stupor, cold douches and friction should be 
appled ; but if the temperature is subnormal, hot packs are indicated. 
In pronounced weakness of the pulse stimulants should be given, such as 
wine, brandy, black coffee and tea internally, and ether, oil of camphor, 
or caffein subcutaneously, while severe collapse requires infusion of warm 
physiological saline or 4 per cent. glucose solution, intravenously or 
subcutaneously (repeated if necessary). 

In all cases of primary gastro-enteritis, and also in all cases occurring 
in infectious diseases, especially those due to paratyphoid and Gartner 
bacilli, preventive measures are indicated. ‘These include general 
hygienic measures, such as cleansing and disinfection of the animal 
houses and prevention of contamination of the food and drinking water 
by faeces, isolation of affected animals, disinfection of their evacuations 
and also of their carcases. In the case of emergency slaughter of food 
animals the carcases must be submitted for systematic examination by 
a meat inspector. Under suitable conditions inoculation with the specific 
vaccine should be tried in enteritis and paratyphoid infections. In birds, 
favourable prophylactic results have been obtained by the addition of 
ventrase to the food and drinking water, by tincture of iodine, 
5 to to drops daily for 5 days, and by soaking the food in weak 
salol solution. 

Dysentery. ‘True dysentery is a specific diphtheroid and ulcerative 
inflammation of the intestine, which in human pathology is caused by 
several forms of dysentery bacilli (according to recent classification, 
the Bacillus dysenterie of Shiga-Kruse, the Bacillus metadysenterie or Flexner 
group, including the B, Flexner, B.Y and B. Strong, and the B. paradysenterie 
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or Kruse-Somme bacillus). The causal micro-organism of amoebic 
dysentery is the Amwba histolytica (A. tetragena). 

Although bacillary dysentery is a disease affecting only the human 
race and at the most only transmissible to monkeys, a disease resem- 
bling human dysentery has been produced in rabbits by the intravenous 
injection of dysentery bacilli. A natural bacillary dysentery is observed 
in dogs in China in regions largely manured with human excreta. 
Moreover, the Shiga-Kruse and Flexner bacilli and the Bacillus Y were 
isolated in individual cases and were agglutinated by the serum of the 
affected animal in a dilution of t : 300 to 100. +A dog which was inoculated 
did not develop dysentery, but remained a bacillus carrier for 3 months. 
The symptoms consisted in slimy, hemorrhagic intestinal evacuations and 
emaciation. One animal died in 2 weeks, the rest recovered in the 
course of several weeks. 

In five cases of dysentery in swine observed in Russia, some of which complicated swine 
fever, the Bacillus dysenterie was discovered. Whiting also observed a form of hemorrhagic diph- 


theroid colitis which was contagious and experimentally inoculable, and which he regarded as 
dysentery. 


19. Botulism 


Under the term botulism are included cases of food poisoning mani- 
fested by symptoms of paralysis, but only slight intestinal disturbance, 
caused by the toxin of Clostridium botulinum (Bacillus botulinus), of which 
there are several types. 

Historical. Since the discovery of the Bacillus botulinus in man by van Ermengem in 1895, and 
especially during the last two decades, cases of an affection similar to human botulism have 
been discovered in horses, cattle, poultry and water-fowl, especially in South Africa, North 


America and Australia. ‘The etiology and mode of origin of this affection have formed the object 
of many investigations by several observers. 


Occurrence. Numerous cases have been observed in South Africa, 
North America and Australia, and some in Europe and North Africa. 
They occur chiefly in cattle, horses and other solipeds, sheep, poultry and 
ducks (“‘ duck disease ’’ in California and Australia), also in ostriches 
and swans, while goats, swine and turkeys are rarely affected. The 
disease has also been seen in birds in zoological gardens. 


In South Africa botulism affecting cattle and ostriches is known popularly as “ lamsiekte ”’; 
in America among cattle and horses as ‘“‘ forage poisoning,” in fowls as ‘‘ limber neck ”’; in 
Texas among cattle as “‘ loin disease ’’ and ‘* down in the back ”’; in Australia, according to the 
locality, “‘ midland cattle disease,” “‘ dry bible disease,” ‘‘ impaction paralysis’ or *‘ bulbar 
paralysis.” ‘These terms probably include many cases long known in Europe as enzootic pharyn- 
geal paralysis in cattle and horses, which is prevalent in an enzootic form in certain regions of 
Germany, Denmark and Switzerland. 


Etiology. Clostridium botulinum (Bacillus botulinus) is a Gram-positive, 
flagellate, motile bacillus, 2-59 « long and 0:3 too:8 y» thick, with rounded 
ends. Under certain conditions and constant temperature it forms spores, 
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variously situated. Under favourable conditions of temperature and 
humidity (at least 30 per cent.) and suitable composition of the media, 
and also when air is excluded, it gives rise to a neuroparalytic toxin. 
According to Bengston, the strain of Cl. botulinum of the non-proteolytic 
sub-group does not cause lysis of coagu- 
lated fowl protein, while the Cl. para- 
botulinum of the proteolytic sub-group does 
so. Between these two sub-groups there 
are several transitions, for which reason 
Meyer holds that the frequently attempted 
separation of species does not appear to 
be definite, and that the division pro- 
posed by Theiler and Robinson into Cl. 
parabotulinum equ, Cl. parabotulinum bovis 
and Cl. parabotulinum lucilie should be 
avoided, because these micro-organisms 
Fic. 15.—Clostridium botulinum: Cov- sae Sagi Shae i ae pies woud 
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DAY CULTURE (1,000). identical with Cl. parabotulinum bovis). 
Further, in both groups morphologically 
and culturally, and even serologically and immuno-biologically, different 
types (A, B, C) are distinguished on the grounds that the toxin of the in- 
dividual types is neutralised only by homologous sera and that a reciprocal 
neutralisation does not take place. All three types are found in animals; 
in fowls chiefly type C and sometimes B ; in horses and cattle type C. 


The strains of the sub-group botulinum are characterised by their length and thickness, 
their rare occurrence in chains or pairs and the oval enlargements at their ends, and the fact that 
the spores do not cause thickening of the body of the bacillus; while strains of the sub-group 
parabotulinum often occur in pairs or sometimes in chains, and on solid culture media in 5 to 
10 days form long convoluted involution forms and usually sub-terminal or central spores. 

Staining Properties. ‘The young bacilli are always Gram-positive. They are easily stained 
by the aniline dyes, with the exception of type C. 

Cultivation. ‘The bacilli can grow between temperatures of 15° to 55° C., but the optimum 
temperature is between 25° and 38°C. In spite of their anaerobic nature the different types can 
be recognised by the great variations in the response to complete exclusion of air. In strains 
of A and B a reduction of 20 to 30 per cent. of oxygen in the quantity of air present is sufficient 
for their growth. While the A and B types are less sensitive to the nature of the culture media and 
will grow in the absence of animal protein, the C strains only flourish on media containing 
peptone and glucose. Liver extracts have also the same growth-promoting effect. On slightly 
dried liver-agar medium (2 per cent.), types A and B produce marked gas formation and form 
large, lenticular or flat disc-shaped colonies with small dark protuberances; while the C strain 
forms only small, flaky colonies, with a thick centre and with little or no gas formation. Plate 
cultures on glucose-sheep-rabbit-horse blood-meat agar are lenticular, punctiform or irregular. 
In glucose-meat or liver-broth gelatin (shake cultures) the colonies are flat and circular or 
globular, of a greyish-brown colour and transparent. ‘The bacilli also grow in purely vegetable 
media and in putrefying animal or vegetable organic matter, as well as in carcas-es and the 
excreta from living animals. 

Viability. Owing to their spore content the bacilli are killed by moist heat at 100° C. in 54 
hours, 110° C. for 33 minutes and 120° C. for 7 minutes. Their growth is inhibited by the 
presence of 8 per cent. of salt or 50 per cent. of sugar in preserved foods. The toxin is weakened 
in its action by heating to 70° C., but only destroyed by higher temperatures in the case of clear 
fluid, while otherwise (¢.g., in spinach broth) it withstands prolonged boiling. It is also destroyed 
by lactic acid forming bacteria (Streptococcus lacticus, Lactobacillus casei) and by various saprophytic 
anaerobes, but is only attenuated by coli and proteus bacteria. 
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Pathogenicity. ‘Vhe degree of toxicity depends largely on the composition, the degree of moisture 
and the temperature of the nutrient medium. On the whole, type A gives rise to the highest 
toxic material and type C the weakest. Highly nitrogenous animal or vegetable matter in a very 
moist condition and with an alkaline reaction, is especially liable to botulistic changes, which in 
certain animal foods may produce fatal quantities of botulinus toxin in 2 or 3 days. 

For testing toxicity the filtrate or separated clear fluid form cultures on liver, or liver. broth 
may be used. ‘Two or three drops of this fluid introduced orally into guinea-pigs cause death 
in 20 hours or several days with symptoms of paralysis and coma. Cattle show similar symptoms 
as in natural conditions 39 to 66 hours after subcutaneous injection. ‘The lowest fatal dose in 
Theiler’s experiments was 0:02 c.c., in those of Theiler and Robinson in horses 0-0001 c.c. and 
in sheep 0°:0004 c.c. per kg. of body weight. In Seddon’s experiments, however, horses and 
cattle reacted in the same way. Asses are much less susceptible to inoculation, while dogs and 
‘swine are refractory. 


Infection occurs through ingestion of the botulinus bacilli and 
their toxins in the food and drinking water. Owing to the ubiquity 
of the Clostridium botulinum in arable soil, etc. (in more than 2,000 
specimens of different kinds of soil in America it was found in 24 to 37 
per cent., in Switzerland in 35 per cent. of 37 specimens, in New South 
Wales in 7 per cent.), this organism often comes in contact with vegetable 
and animal matter, and so reaches the intestine of animals, where it rapidly 
develops and forms toxins. The necessity for a combination of several 
conditions for their development and the irregularity of the distribution 
of the bacteria explain the prevalence of botulism in certain regions. 
Among the most frequent carriers of infection in domestic animals are 
carelessly packed condensed sweet food, mouldy fodder, preserved beet- 
roots, sugar-beet tops and turnip chips, and also decaying potatoes and 
mouldy hay or grain, wet straw, and, according to some observers, decayed 
green vegetables. Rats and mice also play a part in the contamination 
of food material, either through their feces or their carcasses. The 
carcasses and parts of carcasses of herbivorous animals (domestic mammals, 
birds, rabbits, hares, etc.) are also important, especially when death 
followed botulism, but occasionally apart from this, as Schauber found 
botulinus bacteria in the intestinal contents of healthy cattle and guinea- 
pigs from infected regions. Enzootics may also occur in certain districts 
among stall-fed animals through the cadaveric parts of small animals, 
especially rodents; but cases more commonly occur on _ pasture-land 
when the cadavers of dead animals have not been removed. Under 
these circumstances botulinus toxin may be ingested with the grass 
in the immediate neighbourhood of the decomposing carcass, but more 
commonly through the consumption of the flesh of the carcass itself 
(osteophagia). ‘This occurs in licking sickness due to deficiency of 
phosphorus in the fodder, and is seen in the “ lamsiekte”’ of cattle in 
South Africa and in sheep in Australia, also in the “loin disease ”’ 
in Texas. Infection may also be spread by wild birds, as carriers of 
the bacteria. 

In birds, infection usually takes place through the consumption of 
decomposing preserved vegetables. Other sources of mediate infection 
are decaying potato peel, mouldy potatoes, salted fish, and putrid meat. 
Carrion flies (Lucilia, Chrysomya) and their larve may also convey in- 
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fection in poultry which either consume them directly or in manure, 
especially when they are not supplied with sufficient proteins and 
mineral salts. Preserved meats and codfish, when in a moist condition, 
and also after drying, occasionally contain botulinus spores which 
may germinate when the food is mixed with water (Haupt). Water- 
fowl may be infected by drinking from alkaline water in shallow pools 
containing vegetable and animal offal, which forms a good medium for 
the proliferation of Cl. botulinum C. 

Pathogenesis. While formerly botulism was regarded as caused 
exclusively by the toxic action on the central nervous system of the botulinus 
toxin introduced with the food, and the Bacillus botulinus only as a patho- 
genic saprophyte, more recent research indicates that after its ingestion 
by the mouth the bacillus itself plays an important part through its 
further proliferation and toxin formation in the intestine. The absorbed 
toxins, by their action on the motor ganglion cells of the central nervous 
system, especially in the medulla oblongata and spinal cord, give rise to 
muscular paralysis resembling that of curare poisoning. ‘The intestinal 
mucous membrane 1s very little affected by the toxins. 

Anatomical Changes. No characteristic changes are found in 
the organs besides the acute intestinal catarrh (secondary, according 
to Theiler and Robinson), the frequent presence of cedema of the lung 
and occasionally of punctiform hemorrhages, and the frequent finding 
of foreign bodies in the fore-stomachs in cattle and sheep, and of aspiration 
pneumonia from foreign matterin horses. These negative anatomical find- 
ings, together with the clinical picture, were formerly regarded as charac- 
teristic. However, in swans Dobberstein and Piening found punctiform 
hemorrhages almost constantly present in the medulla oblongata, cere- 
bellum, and mid-brain, and circumscribed tissue necrosis chiefly in the 
region of the small ganglion cells. 

Symptoms. In infected regions of Africa, North America and 
Australia many animals are lost during the warm periods of the year, 
especially in the hot summer. The incubation period varies between 
18 hours and 14 days. According to Theiler, the course of the disease 
corresponds to the length of the incubation period. 

In horses in the acute form of botulism the animals remain lying down 
and soon become comatose, or more rarely they make unsuccessful at- 
tempts at rising with laboured movements of the limbs. Sometimes the 
symptoms commence with restlessness, as in colic, and respiratory trouble 
with rapidly increasing dyspnoea, but a comparatively normal pulse, 
ending fatally in a few hours. The appetite and temperature remain 
as a rule unchanged, both in the acute and the less acute forms. 

In the subacute and chronic forms the predominant symptoms are 
either inco-ordination of movement, local paralyses and disturbances 
in deglutition with salivation, or simultaneously with these symptoms, 
rarely without them, general muscular paresis with staggering gait and 
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falling down on attempting to walk. At this stage, however, the animal 
can raise itself with assistance. If death does not occur under these 
conditions the symptoms gradually abate in intensity and the condition 
passes into the chronic form, which may last for weeks or months, during 
which the animal, when supported, can move in a staggering or stumbling 
manner and raise himself, first by his hind quarters. Disturbances in 
deglutition and salivation are rare in this form. 

In cattle the first symptoms are usually motor disturbances, manifested 
chiefly by a stiff uncertain gait and an inclination to lie down. ‘These 
are followed by increasing difficulty in rising, first in the hind quarters 
and afterwards in the fore quarters. Eventually the animal lies motion- 
less and turns its head sideways. Sometimes, but not always, there 
are disturbances of deglutition and mastication accompanied by sali- 
vation, in which the movements of the jaws in mastication and those 
of deglutition become partially or completely suspended, even when the 


Fic. 16.—Botuiism: Tip OF BEAK RESTING ON THE GROUND (LIMBER NEGK). 


appetite is maintained. The ingestion of water is also rendered difficult, 
and in the further course of the affection becomes impossible. Rumination 
also, which was at first intermittent, finally ceases. At the same time 
paralysis of the tongue with temporary or permanent drooping of its tip, 
also paralysis of the masticatory muscles with gaping of the mouth, may 
occur. Further symptoms which may appear are fruitless masticatory 
movements, absence of intestinal sounds, acceleration of the pulse with 
normal respiration and body temperature, and gradually increasing 
stupor. Excitement and also flatulence are rarely observed. Death 
usually takes place without convulsion. 

According to the duration of the disease, we distinguish a hyperacute 
form in which death takes place without premonitory symptoms, an acute 
and a subacute form in which the predominant symptoms are those of 
motor paralysis, with a duration of 1 to 7 days, and a chronic form with 
slow ingestion of food, emaciation and prostration which often ends fatally. 
Loss of appetite and diminished thirst usually indicate an unfavourable 
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issue. However, recovery is possible in cases in which the symptoms are | 
not severe. 

In young pigs and rabbits Delmer observed lassitude, staggering gait 
and motor inco-ordination, extension or retraction of the head when 
lying down, reduced sensitivity, loss of appetite and symptoms of gastro- 
enteritis, and occasionally slight icterus and albuminuria; but no appre- 
ciable change in pulse and respiration. 

In birds the young are most severely affected. The birds remain 
sitting on their perch or lie on their breast on the ground with their head 
supported by the beak, or sometimes lie at full length with the neck 
flexed at an acute angle (limber neck). Owing to this paralytic condition 
it is impossible for the bird to raise its head, and in the circumstances 
attempts to do so lead to rapid exhaustion. Lethargy with ptosis of the 
nictitating membrane is also observed, and frequently watery diarrhoea. 
Death may occur from the sudden onset of paralysis in 48 to 96 hours, or 
more slowly in 2 or 3 days. In cases which recover, uncertainty in the 
pecking of food continues for some time. The mortality varies in different 
regions and in different enzootics between 5 and 95 per cent. 

In man the symptoms of botulism are symmetrical motor paralyses, 
especially of the cranial nerves (paralysis of accommodation, mydriasis, 
ptosis, aphonia, dysphagia), while gastric and intestinal disturbances are 
often absent or transient. Constipation and retention of urine are always 
present. According to Semmerau and Noack the presence of the botulinus 
toxin in the blood may be determined by animal experimentation. ‘The 
mortality is from 25 to 50 per cent. 

Diagnosis. This depends on the usually multiple occurrence of 
motor paralysis (chiefly bulbar) after the consumption of such foodstuffs 
as are known to be carriers of botulinus and parabotulinus toxins; also 
on the temporary or permanent absence of mental and sensory disturb- 
ances, the afebrile course of the affection, the absence of any change in 
appetite and disturbances of mastication and deglutition, and on the 
frequently fatal issue with comparatively negative post-mortem findings. 
In the regions where cases occur and in the blood of affected animals 
the presence of botulinus toxin can be detected by experimental inoculation 
of guinea-pigs. 

Enzootic cerebro-spinal inflammation and cerebro-spinal meningitis 
differ in the early appearance of mental and sensory disturbances, the 
symptoms of excitation, the multiple nervous paralyses, and on post- 
mortem examination by the macroscopic and microscopic changes in the 
central nervous system, and finally by the positive results of inoculation 
in rabbits. In regions where rabies is prevalent, dumb rabies, in which 
(in cattle) the symptoms are very similar, may be difficult to distinguish 
from botulism, but a diagnosis can often be made by discovering the source 
of infection, and also by the characteristic appearance and behaviour. 
of the animals, and post-mortem by the discovery of Negri bodies in the 
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brain. ‘The so-called “ grass sickness ”’ of horses, the nature of which is 
not yet clear, is now known to be a condition other than botulism and 
the *‘ grass disease’ of cattle presents quite a different clinical picture. 
In the usual form of bulbar paralysis the lesions are limited to the bulbar 
nerves. In birds, wry neck occurs also in middle-ear disease and also in 
severe parasitic and other intestinal disorders, but the other nervous 
affections of botulism are absent. In polyneuritis due to avitaminosis 
the paralysis affects the extremities only, is of slow development and 
accompanied by emaciation; further, cases soon recover after the ad- 
ministration of vitamin B. 

Treatment. After removal of the noxious food, rapidly acting 
purgatives should be given immediately. The best method is by subcu- 
taneous injection of alkaloids (physostigmine, arecoline, pilocarpine). 
The administration of buttermilk, sour milk or yoghurt is beneficial 
because of the destructive action of the lactic acid bacilli on the 
botulinus toxin. In suitable cases a polyvalent botulinus and_para- 
botulinus antitoxin may be tried. This has proved successful in man, 
but in animals Doyle found no benefit from this treatment, possibly 
_ because the considerable increase in the botulinus bacteria which often 
takes place in the intestine is not prevented. According to Kudo an 
antitoxic bacterial serum is necessary for this purpose. By means of 
artificial feeding the loss of strength can be checked, and in the case of 
masticatory and deglutition impairment the occurrence of aspiration 
pneumonia may thus be avoided. 

Prophylaxis. This includes the careful removal of all parts of carcasses 
(also those of rodents, birds, etc.) from pastures, buildings, stalls and 
farmyards, the extermination of rats and mice from the animal houses, 
the prevention of contamination of the fodder by cadaveric offal and by 
rats’ feeces, the cleansing of fowl-pens. Any injurious food should be 
removed and sterilised (boiling is not sufficient). Cases of licking sickness 
in the animals should be treated by adding bone meal to the fodder. 
Birds should be kept away from dung heaps and infected water, and _ the 
dung should be baked in closed vessels to destroy the larve of flies. 


Grass Sickness of Horses 


This affection, which is to be distinguished from the lactation tetany 
or grass tetany of cattle, occurs chiefly in Scotland and in some parts of 
England (Gaiger, Pool, Russell Greig), but has also been observed by 
Robin and Belloc in Northern France. With few exceptions the disease 
affects horses at pasture and the majority of acute cases occur during the 
month of June. During July and August the incidence tends to fall, and 
the course tends to become less acute and may even be chronic in character. 
Occasional cases are encountered throughout the whole year. ‘The disease 
occurs under the most varied topographical conditions and horses of all 
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ages are subject to attack, although the highest age incidence is between 
3 and 6 years inclusive. 

Symptoms. Acute Type. ‘The early symptoms are frequently in- 
definite. The horse may appear somewhat sluggish and depressed, and 
symptoms of slight colic may occasionally be exhibited. Commonly, the 
first symptom noted is inability to swallow. When he is watered, the 
horse may drink apparently normally for several seconds, whereupon 
he abruptly stops drinking and makes a retching movement accompanied 
by the forceful discharge of the water from the mouth and nostrils. Food 
is masticated slowly, but on the animal’s attempting to swallow, cesophageal 
spasm occurs and the food is forcibly regurgitated. The horse assumes 
a sleepy appearance, but can be immediately roused by a sharp word; 
thereupon he again relapses into a somnolent condition. ‘The pulse is 
frequent, but soft in character, but the temperature is relatively unaf- 
fected; the bowels are completely inactive; fine muscular tremors appear 
over the shoulders and flanks, and there is patchy sweating, particularly 
in the perineal region, where the sweat may form a soapy, foamy mass. 
The mental depression is continuous and becomes progressively marked; 
vomiting may occur at intervals. Throughout the course, which in 
peracute cases may run from 12 hours to 2 or 3 days, general distress is 
very evident, although there may be little, if any, sign of abdominal pain. 

In the subacute and chronic types of the disease the initial symptoms are 
similar to those of the acute, but the syndrome is much less intense in its 
manifestation. ‘The appetite 1s in abeyance and the bowel movements 
are sluggish; there is frequently difficulty in deglutition and the conjunc- 
tival membrane becomes icteric. The animal commonly assumes a 
somewhat huddled posture, with his hind quarters placed against a corner 
of the box. ‘The abdomen becomes progressively contracted, so that the 
contour of the belly suggests that of the greyhound. 

In subacute cases the course may run from 1 to 6 weeks, whereas 
in the chronic type the course may extend into a period of months, after 
which apparent recovery may occasionally occur. Complete recovery, 
however, is very rare and, when again returned, to work, the animal is 
quickly found to be useless. 

Etiology. The etiology is still obscure. Certain British observers 
have attributed the disease to Clostridium botulinum (‘Tocher and Buxton). 
This, however, is not now generally accepted, nor is the belief that the 
disease is identical with Borna disease and enzootic encephalomyelitis. 
Greig interpreted the symptom complex as representing either a depres- 
sion of the parasympathetic or a stimulation of the sympathetic nervous 
mechanism. Recent evidence suggested that the condition may result 
from anaerobic infection (Gordon), but this now appears to be disproved. 
In an extensive review of the whole problem, Greig has reached the 
tentative opinion that the cause of the disease will probably prove to be 
a filtrable virus. 
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Anatomical Changes. Acute Type. On autopsy the stomach. is 
found to be markedly distended with fluid, the volume of which may repre- 
sent as much as 22 litres (normal 7). The fluid is frequently alkaline in 
reaction and contains mucin, but does not appear to be derived from 
duodenal regurgitation, since tests to determine the presence of bile acids 
sometimes prove negative. ‘The fluid would appear, therefore, to be 
largely composed of saliva admixed with gastric secretion. In a pro- 
portion of cases a patch of congestion 1s observed on the glandular portion 
of the gastric mucous membrane. 

The small intestine 1s relatively normal in appearance, but its con- 
tents are markedly increased in yolume (0 litres, normal 9). 

The large intestine in almost every case is impacted with a mass of 
hard, dry ingesta, and this impaction may involve the cecum and the small 
colon. Very exceptionally, in cases which have run an acute course, the 
impaction has been found to be very limited in extent or actually absent. 

Subacute Type. In subacute cases the stomach is not distended, 
and the stomach and intestines may be relatively normal in appearance. 
The spleen, however, is usually enlarged, and catarrhal inflammation 
of the mucous membrane of the naso-pharynx has been frequently noted. 

No constant lesion has been found in the central nervous system, but 
in a number of instances a gelatinous exudate surrounding the vagi in 
the mid-cervical region has been observed. 

Treatment. No treatment of any value is known. 


20. Meteorism (Meteorismus Intestinorum, 
(Wind-colic ; Colica flatulenta ; Intestinal tympanites) 


This condition consists in an excessive distension of the intestine caused 
by the rapid formation of gases. 

Occurrence. At the Budapest clinic intestinal meteorism as the 
cause of colic was found in 2 to 15 per cent. of cases, usually the higher 
figure; at the Copenhagen clinic in 6-7 per cent. (during 10 years); at the 
Vienna clinic in 7 per cent. (during 10 years). The affection is only 
occasionally seen in swine, dogs and rabbits, while in ruminants meteorism 
usually develops in the rumen. | 

‘Etiology. Primary intestinal meteorism develops after the ingestion 
of fermentable food, especially withered or heated green food (clover, 
lucerne, fresh grass), bruised maize or barley grains, turnips and oe 
and eee pods. Mouldy food may act in the same way; 1 
rabbits, fresh cabbage, turnip and rape, also vetches and ee 
and decemposed turnips; in dogs, fermenting meal. In horses meteorism 
may occur with a wholesome diet, when the food is swallowed hastily, 
or in over-exertion shortly after ieedine. Over-filling of the individual 
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parts of the intestine with semi-fluid contents always leads to gas formation 
in 1ts proximal portion. 

Secondary meteorism occurs in the course of the different forms of intestinal 
impaction, in thrombo-embolic affection of the intestine, and in acute 
general peritonitis. In strangulation and torsion of the intestine 
and in thrombosis of the mesenteric vessels it develops in the affected 
region of the gut in a few hours and to a severe degree; in other 
secondary cases it develops more slowly 
and seldom becomes acute in character. 

Pathogenesis. In horses, even 
during the ingestion of food, a portion 
of the stomach contents reaches the 
small intestine, and directly afterwards 
the colon; maize reaches the colon in 
the second hour after feeding. Con- 
sequently, in the case of readily fer- 
mentable foods there is an accumula- 
tion of gas in the whole gastro-intestinal 
canal, excepting the small colon, a short 
time after feeding. Under these con- 
ditions the musculature of the stomach 
and intestine, on account of the irrita- 
tion caused by distension, and also by 
chemical products of the gases and 
other materials (carbonic acid, methane, 
fatty acids), undergoes spasmodic con- 
tractions which give rise to colicky 
pains. The strong contractions and 
the absorption of gases for a time 

prevent great stretching of the intestines, 
Dg EON eee ea but with excessive gas formation these 
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Horse. more and more stretched, till eventu- 

ally the intestinal musculature loses its 

power of contractility; also, the absorption of gases is further prevented 

by compression of the intestinal bloodvessels. The dilated intestines 

press the diaphragm towards the thorax and thereby reduce the 

negative intrathoracic pressure. ‘This causes interference with the 
cardiac diastole and so lowers the arterial blood pressure. 

Anatomical Changes. Because of the continuance of fermentation 
after death the abdomen is tensely distended, and on opening it the dilated 
condition of the intestines is obvious. If rupture of the gut has occurred, 
the intestinal contents are found in the abdominal cavity and the margins 
of the laceration show extravasation of blood when the rupture has occurred 
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during life. This anatomical sign is absent when the rupture has occurred 
as the result of the post-mortem formation of gas. 

Symptoms. In horses primary meteorism usually begins shortly after 
feeding and is at first manifested by severe colicky pains recurring at short 
intervals. The animal repeatedly throws itself down and rolls over, and 
later adopts unusual postures (sitting on its haunches or kneeling). At 
the same time the abdomen becomes rapidly distended and its walls 
tense, especially in the upper region of the right flank. In animals 
with a normally tense abdominal wall the distension is less pronounced. 
The percussion resonance is increased especially in the flanks. ‘The 
intestinal sounds are at first intensified, often metallic and continuous, 
but in severe cases they become less frequent and may cease entirely. 
Defeecation is delayed or suppressed. At first, and in mild cases during 
the whole course of the affection, there is a profuse discharge of flatus. 
When the stomach is also distended eructation occurs, but seldom 
regurgitation or vomiting. ‘The pain and general distress become continu- 
_ous and progressively acute. 

Rectal examination shows marked dilatation of the whole of the 
intestine with the exception of the small colon. ‘The pelvic flexure is 
displaced deeply into the pelvis or towards the right side, and consequently 
the tense longitudinal bands of the left lower portion run from the left 
side more or less to the right, often in a spiral disposition. The tense and 
distended left lower portion of the colon usually reaches the left kidney, 
and alongside or below it is found the much thinner distended left upper 
portion of the colon (Fig. 17). The rest of the abdominal cavity appears 
to be filled with distended loops of intestine. 

The respiration becomes laboured, the pulse rate rises to 60 or over, 
the mucous membrane is at first dark red but later cyanotic, the veins . 
become congested and the whole body is bathed in sweat. 

In secondary meteorism there is also distension of the abdomen, but the 
symptoms vary considerably according to the nature of the primary 
affection. 

In swine, dogs and rabbits, abdominal pains may be absent, or they 
may be manifested by repeated crying out, frequent changes of position 
or groaning. Belching, retching and vomiting, however, are often 
observed. 

Course. The rapid formation of gas may cause asphyxia in 4 or 5 
hours or less (in a case of Boldbeck’s a horse died in 16 to 20 minutes after 
the ingestion of fresh clover), but usually continues for 12 hours, when 
spontaneous recovery may sometimes occur. After the distension has 
subsided, acute intestinal catarrh often remains for a time. Occasionally 
the affection ends fatally from rupture of the intestine, or more often of 
the stomach, which is manifested by rapid exacerbation of the general 
symptoms followed by sudden collapse. In rare cases the diaphragm 


may be ruptured. 
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Diagnosis. The most important. signs of primary meteorism are 
rapidly increasing colic, usually after the ingestion of fermentable fodder; 
rapid distension of the abdomen; increased intensity of the percussion 
sound, indicating a fairly uniform distension of the whole of the intestine 
(general intestinal meteorism). Simultaneous meteorism of the stomach 
may be manifested by belching and vomiting. 

Secondary meteorism (occurring in torsion or invagination of the 
intestine, thrombosis of the intestinal arteries, obstruction or inflammation 
of the intestine, and peritonitis) requires a different estimation and different 
treatment. In these cases the diagnosis rests on the history of the case 
and on the evidence of rectal examination, which should not be omitted 
in any case of meteorism. Except in the case of acute peritonitis, secondary 
meteorism affects only certain sections of the intestine (circumscribed 
intestinal meteorism); symptoms of the primary affection are often present. 
In meteorism resulting from inflammatory affections fever 1s present from 
the onset and symptoms of unrest are usually not very severe. In car- 
nivora torsion of the stomach can be excluded by the occurrence of belching 
and the absence of tenderness to pressure over the abdomen. 

Treatment. In not too severe cases of primary meteorism treatment 
should be directed to removal of the gases per rectum by stimulating the 
intestinal contractions; in horses by the application of cold packs or cold 
douches. to the abdomen, or by rectal enemata of cold water. Both 
massage of the abdomen and massage of the rectum are beneficial in 
cases with much tension of the intestinal wall. Himmerich obtained 
effective evacuation of the intestine in horses by rolling the hobbled 
animals rapidly backwards and forwards on the back 15 to 20 times, and 
repeating the movements 8 to ro times after a rest of 1 or 2 minutes, the 
- whole process being repeated three or four times if necessary. At the 
same time purgatives may be administered (neutral salts with aloes in 
solution). Antizymotics may also be added (lysol or creolin 18 to 20 
grammes; naphthol or formalin). When the intestine retains its power of 
contraction, at least in certain portions, and when the accumulation of 
gas in the intestine is not complete, injections of physostigmine (0:03 to 
0:10 gramme) or arecoline (0:03 to 0:08 gramme) may be given, but in 
hypertension of all portions of the intestine these drugs are best avoided. 
[In British veterinary practice, when a diagnosis of acute intestinal torsion 
or displacement is established, heroic measures and powerful purgatives 
are at once abandoned, treatment consisting in the administration of 
narcotics (chloral, cannabis indica). Such treatment is applied not only 
upon humanitarian grounds, but also upon the knowledge that under it 
spontaneous recovery may occur. ‘The introduction of the stomach 
tube appears to be indicated in all cases.—ED. | 

Rapid exacerbation of the condition and also signs of marked dyspnoea 
indicate the need for the urgent performance of intestinal puncture. 
In secondary meteorism this is the only useful method. 
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Puncture of the Intestine. ‘This is performed with a slender trochar 10 to 15 cm. in length 
(Jungmann recommends a cannula with a lancet-shaped tip). After sterilising the skin round 
the site of puncture a small incision is made and the trochar introduced at a point which normally 
would represent the centre of the depression of the right flank. After the gases have’ escaped 
the cannula is left in place for a time to allow the escape of gas which may continue to be formed. 
If puncture of the left flank is necessary, this should be preceded by rectal palpation in order to 
determine the point of the abdominal wall which lies directly over the distended viscus at which 
puncture should be made. Forssell employs for this operation a long trochar and cannula, with- 
draws the trochar after penetrating the abdominal wall, and presses the cannula downwards till 
its end strikes the distended colon, then effects puncture by again fully inserting the trochar. 

Puncture of the colon from the rectum appears to be indicated only in the rare cases when 
the left portion of the colon does not lie against the abdominal wall, and when puncture of the 
cecum alone leads tonoimprovement. This operation may be performed with a large exploratory 
trochar, or with Elschner’s or Pichon’s trochar with a curved cannula 40 cm. long, but better 
with a Raitsit’s trochar, which can be introduced a long way into the rectum. In order to 
allow free escape of gases Raitsit’s trochar must be connected to a rubber tube provided with a 
tap. In the absence of a suitable trochar the usual cecum trochar may be introduced into the 
rectum after its stylet has been secured by a thread. ‘The cavity of the rectum should be irrigated 
several times with warm antiseptic fluid. 


In swine, dogs and cats, kneading and massage of the abdomen are 
useful, also forced exertion and also cold douches. If the stomach is 
distended the stomach tube or emetics are indicated. In case of impending 
asphyxia, intestinal puncture may also be performed in these animals, 
the site of puncture being at a point midway between the umbilicus and 
the pubis close to the linea alba. 


21. Impaction of Feces in the Intestine (Obstipation) 


This condition results from the accumulation and desiccation of 
feces in the dilated intestine, which may eventually lead to complete 
occlusion. 


(a) Intestinal Fecal Impaction in Horses 
(Colica stercoracea ; Intestinal impaction ; Constipation) 


Occurrence. The occurrence of fecal impaction depends chiefly 
on the condition of the fodder, and consequently varies in different regions. 
At the Budapest clinic it accounts for 6 to 23 per cent. of cases of colic, 
at the Berlin clinic in 1909 Behrens found the unusual percentage of 74, 
and Freese a percentage of 94 in cases of colic for the years tg1t1-12, while 
at the Copenhagen clinic Brieg found only 22-64 per cent. At the Vienna 
clinic Wirth found a percentage of 46 for all cases of colic, and 53 per cent. 
in the case of damaged fodder. 


Distribution of Fecal Impaction in the Different Sections of the Intestine. In 1,225 cases observed 
at the Budapest clinic the localisation was as follows: 69 per cent. in the colon, 6 per cent. in 
the colon and cecum combined, 7 per cent. in the ileum, 0-2 per cent. in the duodenum, 13 
per cent. in the cecum, 7 per cent. in the lesser colon. In the Copenhagen clinic the figures 
were as follows: colon 54, cecum 41, small intestine 5 per cent; at the Berlin clinic: colon 55, 
ileum 30, cecum 24, duodenum 7, rectum 2, jejunum 2 per cent. In Vienna the percentage 
rose during years when the condition of the fodder was of poor quality—for the small intestine 
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from 0:0 to 25 per cent. and for the cecum by more than two-thirds. On the other hand, Gratz] 
found the cecum affected in 7:1 to 15:9 per cent. of all cases of colic, and in later years a gradual 
increase of cecal impaction connected with deterioration of the quality of the fodder, in which 
45 per cent. affected the whole of the cecum, 35°5 per cent. the cecal base, and 19:5 per cent. the 
overhanging portion of the base. 


Atiology. One of the most frequent causes of feecal impaction 1s 
the ingestion of coarse and fibrous food, because it necessitates the con- 
sumption of large quantities and also leads to the formation of feces of 
denser consistence. ~ Such food material includes straw, especially when 
cut into chaff, or when eaten from the bedding straw (so-called straw- 
feeders); also corn stalks, hard fibrous clover, lucerne hay, etc. Constipa- 
tion is also caused by feeding on vegetable food which is rich in mineral 
salts, such as bran, bruised maize and barley, and muddy hay; also 
by sand (see Sabulous Obstruction of Stomach and Intestine), soil, 
wood and bark from trees in the case of food scarcity (often observed 
during the last war). Fecal impaction is more often caused by moist, 
mouldy fodder, mouldy oats, fresh rye bread, food which is too fresh, 
and most commonly by high temperature condivone which accounts for 
the frequent occurrence of the condition in the summer, especially in 
May and June. ‘The harmful effect of these foodstuffs is especially seen 
after a sudden change of feed, and also when the animals have not sufficient 
exercise—for instance, in army horses when they continue on a generous 
diet after military manceuvres have ceased. Hornyacsek observed fecal 
impaction in race-horses for the first few days after the end of the racing 
season, when there was a sudden change from oats to abundant feed- 
ing with bulk fodder, when, owing to their inactivity, the animals also 
playfully ate large quantities of straw. 

Fecal impaction may also occur, in spite of proper feeding, as the 
result of sluggish intestinal peristalsis in old, debilitated animals, especially 
in draft-horses. It may also occur in connection with intestinal catarrh, 
which itself may be due to thrombo-embolism. Another contributory 
cause is defective mastication. The presence of dental irregularities 
combined with defective peristalsis largely accounts for the frequency 
of obstipation in old horses. 

Secondary obstipation occurs in intestinal stenosis and occlusion, in 
paralysis of the sphincter muscle, but rarely in thrombo-embolism of the 
intestinal vessels. 

Pathogenesis. Delayed peristalsis and density of the intestinal 
contents lead to a gradual accumulation and thickening of the feces 
in the narrower parts of the intestine, especially in the stomach-like 
dilatation of the large colon at its junction with the small colon. It 
may also occur in the narrow pelvic flexure of the colon, or in the cecum 
at its comparatively narrow opening into the colon, or in the ileum at 
the site of the ileo-ceecal opening, which is narrow and provided with a 
sphincter muscle. This is a common site for cicatricial stenosis after 
injury to the mucous membrane by sharp objects. Fecal impaction 
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rarely occurs in the rectum or duodenum. In the latter it may occur 
at the part where the acute sigmoid flexure of the intestine is attached 
by the short mesentery and is also narrowed by the two mesenteric roots. 
In the jejunum it is of exceptional occurrence. 

Fecal impaction may take place in two ways. The portions of the 
small intestine soon become filled with coarse dry foodstuff (mostly chaff), 
either during or shortly after a single meal. As in horses the stomach 
contents reach the small intestine in a partly unchanged condition, if 
they are insufficiently fragmented or contain too little water they may. 
meet with an obstruction at the ileo-cecal opening, or at the second 
flexure of the duodenum, or at a flexure of the jejunum. In the much 
wider large intestine, however, the accumulation takes place more 
gradually. ‘The propulsion of the intestinal contents becomes gradually 
slower, the contents become dry and continually increase in quantity, 
because the appetite is hardly affected and the proximal portions of the 
intestine continue to receive more food material. Gratzl considers that 
 feecal impaction in the cecum is always produced by a spasmodic condition, » 
in which spasm of the base of the cecum causes occlusion or stenosis of 
the ceco-colic orifice, so that only fluid feeces can pass through to the colon, 
and the greater part of the hard fecal masses are retained in the base and 
accumulate inthe cecum. From this they are eventually expelled, together 
with the fluid part, by the contractions of the longitudinal and circular 
muscles, and reach the overhanging part of the base of the cecum along 
its greater curvature. Simultaneously with the gradual expansion of the 
base of the cecum produced in this way there is an increasing pressure 
from the rolled-up lesser curvature on the first part of the lower. section 
of the colon and closure of this as well as of the two borders of the ceco- 
colic orifice through the traction of the distended cecal base, which still 
further increases the accumulation of faeces in the cecum. ‘This mode of 
origin, however, only holds good for those cases in which specifically 
fight fodder or ingesta which ‘has become lighter during digestion is 
suspended in the upper layers of the contents of the caecum, while heavy 
lood materials (e.g., corn, groats or bran) accumulate in the body of the 
cecum. 

Impaction of the small intestine, with the resulting stretching of its 
walls by the impacted masses of feeces, gives rise to local spasm of the gut 
with attacks of colicky pains. On the other hand, the contractile power 
of the musculature of the obstructed part of the large intestine gradually 
decreases, and consequently in the course of a few days the slow peristaltic 
movements do not relieve the tension of the intestinal wall (this has been 
shown experimentally by Trendelenburg). As the result of this, painful 
spasmodic contractions in the affected part of the large intestine are slight 
or absent, and when present occur principally in the part immediately 
in front of the seat of obstruction. In the meantime, the continued dis- 
tension of the affected portion of the intestine causes an unpleasant 
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sensation of tension or fulness which, together with the intoxication due to 
the absorption of intestinal toxins, produces a condition of stupor and 
occasionally a rise of temperature. It is only on the supervention of gas 
formation that spasmodic contractions occur in the obstructed part of the 
colon, when they are caused by the rapidly increasing gaseous dis- 
tension. 

According as the inhibition of peristalis is sudden or gradual, the in- 
testinal contractions behind the seat of feecal impaction gradually cease 
in a few hours or in a few days, and the periodical filling of the rectum 
ceases. An exception sometimes occurs in faecal impaction of the cecum, 
when the desiccated masses of faeces do not extend to the ceco-colic orifice 
and the fluid part of the contents from the base of the cecum can still 
be partly propelled into the colon. 

The pressure of the desiccated faecal masses may later give rise to 
erosion of the intestinal epithelium and consequent enteritis. Impaction 
of the small intestine, more rarely of the large intestine, mav lead to 
secondary dilatation of the stomach as the result of the mechanical and 
reflex inhibition of evacuation of the stomach contents. The resulting 
complications give rise to general symptoms. 

Anatomical Changes. The parts of the intestine at the site of 
impaction are distended, smooth or rough. The accumulated contents 
are more or less desiccated or of the consistence of mortar, and in the 
colon often show the impressions of the pouches. Owing to epithelial 
necrosis the mucous membrane has a bran-like appearance, and 1s also 
studded with hemorrhagic or yellowish-grey foci of necrosis. In long- 
continued impaction of the cecum there is a varying degree of hyper- 
trophy of the muscular coat and a condition of chronic dilatation. 
The muscular coat may be thickened to 5 times the normal thickness 
in the basal part, to 4 times in the body of the cecum (corpus ceci) 
and to 3 times the normal in the apex of the cecum. Occasionally 
there is evidence of a rupture of the intestine or stomach during 
life, shown by the swollen and hemorrhagic condition of the edges of 
the rupture. coke 

Symptoms. In fecal impaction of the large intestine there is retarded 
defecation for the first few days, followed by complete retention of 
faeces in spite of repeated efforts. In the case of obstipation of the caecum, 
however, and occasionally also of the colon in the region of the dilated 
portion, owing to the higher position of the efferent opening of the caecum, 
and owing to the occasionally irregular superficial softening of the im- 
pacted feces in the colon, the semi-fluid contents from the anterior parts 
of the intestine can pass through, and continued evacuation of scanty, 
slimy and usually foul-smelling feces can take place. 

Simultaneously with the suppression of deféecation, or even earlier, 
symptoms of colic develop. These are at first mild and occur at intervals 
of several hours. Later they increase in frequency and severity, and in 
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the case of cecal impaction often occur during feeding. ‘The animals 
lie on the ground and occasionally turn their heads towards the abdomen 
(rolling is seldom seen). When standing, they paw the ground with their 
front feet and whisk their tails, and often squat on their haunches. Not 
infrequently they stretch their front legs forwards and their hind legs 
backwards, like stallions during urination. 

The abdominal circumference remains unchanged for some time, 
occasionally till the end of the affection, especially in animals with tense 
abdominal walls. ‘The percussion sound is dull over the colon and cecum 
as far as the level of the tuber coxe. It is, however, often fairly normal 
in spite of considerable feecal impaction when the affected portions of 
intestine do not come in contact with the abdominal wall. ‘The intestinal 
sounds are reduced in frequency, and later are sometimes suppressed. 

Rectal examination in fecal impaction of the colon shows that almost 
the whole of the left half of the abdominal cavity is filled with the left 
portions of the colon, the smooth upper portion becoming gradually 
thicker towards the thorax, and instead of being in its usual situation 
obliquely placed over the pouches and longitudinal bands of the lower 
portion. The pelvic flexure is often drawn into the pelvis or displaced 
along the pelvic inlet under the right iliac bone, sometimes in a spiral 
course. Sometimes the left upper portion of the colon is found to the 
right or may even be displaced above the lower portion without any 
pronounced torsion of the colon. The greatly dilated colon (Fig. 17), 
in not very large horses, is found in front of the cecum a little to the right 
of the median line in the form of a large, firm, semi-spherical body, movable 
with respiration, and often covered by the mesentery; on the other hand, 
the first part of the small colon is situated under the anterior end of the 
left kidney, as a sausage-shaped body running obliquely towards the left 
side. The cecum distended with feces is placed under the right flank, 
and is easily recognised by its shape and the course of its two palpable 
bands, while it may feel less firm than the colon under similar conditions, 
or may be of almost stony consistence, partly as the result of increased 
intestinal tonus due to the presence of the impacted contents. The 
obstructed cecal base can be felt by rectal palpation as a smooth-walled, 
sausage-shaped body, not definitely movable with respiration and usually 
demarcated from the body of the cecum by a deep furrow. Sometimes 
the base of the cecum, and also parts of the small intestine, are dilated. 
The loops of the small colon plugged with feces can be felt as sausage- 
shaped loops with one palpable longitudinal band and containing balls 
of feces. They are situated at the level of the pelvic inlet, chiefly in the 
left flank, and are lateral or medial to the left portion of the colon. 

The pulse and respiration for several days show no change of impor- 
tance. The appetite may also remain unaltered for a few days, and may be 
retained even after the appearance of the first symptoms of colic, thereby 
aggravating the symptoms and producing restlessness after each feed. 
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Later, the appetite is completely lost. Bauer found an increased indican 
content in the urine, up to 3 to 5 times the normal, in all cases of fecal 
impaction of the cecum, and occasionally and to a lesser degree in fecal 
impaction of the colon. A few days after the onset of the affection there is 


Fic, 18.—OBsTIPATION OF THE CCUM AND VOLVULUS OF THE SMALL INTESTINE IN A HorsE: 
OsLiguE ‘TRANSVERSE SECTION OF THE ABDOMINAL CAVITY THROUGH THE FouRTH 
LUMBAR VERTEBRA AND THE FLANK. 


U, Left ureter; Vv, site of volvulus of a greatly distended loop of small intestine; 7, loops of 
jejunum; Csd, left dorsal, Csv, left ventral division of colon; C, greatly distended cecum 
full of impacted feces and containing gas in its basal portion, and longitudinal band on 
its median posterior surface. 


a marked rise of temperature, and the pulse becomes weak and rapid as the 
result of complications (enteritis, peritonitis, meteorism, gastric dilatation). 

The symptoms of fecal impaction of the small intestine differ in so far as 
they appear suddenly within a few hours, or sometimes (in duodenal ob- 
stipation) during the ingestion of food. Colic is usually more marked 
and sometimes very severe, and complete retention of feces may occur 
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in a few hours. On rectal examination the dilated ileum presents itself 
as a uniform sausage-shaped body the thickness of an arm situated at 
the level of the posterior margin of the left kidney and to the right of the 
vertebral column, passing from above obliquely downwards and backwards 
and to the right, or outwards and to the right towards the base of the 
cecum, with which it is connected. Obstipation of the duodenum can 
also be recognised per rectum as a similarly shaped body extending in a 
curved direction behind the anterior root of the mesentery from the right 
side to the left and connected with the mesentery only by a short band. 

In about 12. hours or less there is a gradual increase in the pulse rate 
(to 60 or more) and respiration owing to the frequent co-existence of 
secondary dilatation of the stomach or to early inflammatory changes in 
the intestinal mucosa. The appetite is suppressed from the first. 

Complications are not uncommon in both forms of fecal impaction, 
but are more frequent in the case of the small intestine, where secondary 
dilatation of the stomach occurs in one-third to one-half of the cases and 
may give rise to rupture of the stomach. In severe cases rupture of the 
intestine is liable to occur, especially in severe impaction of the caecum 
lasting more than 10 days. Such an event is manifested by sudden collapse 
(see p. 115) or by symptoms of general peritonitis. According to Freese, 
in rupture of the cecum, emphysema of the mesentery can be felt per 
rectum. In impaction of the small intestine especially, enteritis is a 
frequent complication. 

Course. Obstipation of the large intestine develops quite gradually; 
symptoms of unrest do not appear till after several days and further 
exacerbations develop slowly, the whole duration extending over 1 or 2 
weeks or more. In some cases recovery takes place in a few days without 
the occurrence of any symptoms of colic. In obstipation of the small 
intestine colic develops suddenly and usually lasts 1 or 2 days. 

Repeated attacks of colic are not uncommon, either because errors 
of diet have not been rectified, or because the intestinal musculature has 
become weakened during prolonged obstipation and the intestinal con- 
tents are thereby not completely removed. This occurs especially in 
obstipation of the cecum, in which recurrent attacks of colic occur 
usually shortly after or during feeding (habitual, chronic or periodical 
colic). 

Diagnosis. Delayed defecation followed by complete suppression, 
the history of the affection, the usually mild attacks of colic occurring at 
long intervals, and the absence of general symptoms suggest the presence 
of fecal impaction, but a certain diagnosis and differentiation from other 
similar affections, also the localisation of the impaction, can be determined 
only by rectal exploration. 

Fecal impaction is characterised by the firm consistence of the dilated 
part of the intestine, which distinguishes it from other forms of intestinal 
occlusion; and from stenosis, obturation and paralysis of the rectum by 
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the different mode of onset. Also the site of stenosis or the presence of 
a foreign body can often be felt from the rectum. In desiccation of the 
contents of the large intestine in diseases of the stomach the intestine is 
not dilated; on the contrary, its circumference is reduced. 

Prognosis. Under suitable treatment the great majority of cases 
terminate in recovery. In deciding the prognosis, attention must be 
paid to the duration of the affection, the extent and consistence of the 
obstructed part of the intestine, and the situation of the impaction. ‘The 
longer the duration of the condition and the greater its extent, the more 
difficult is the removal of the obstruction. Impaction of the small 
intestine or the caecum is liable to recur, and not infrequently has a fatal 
issue. In impaction of the cecum the reappearance of defecation does 
not always indicate improvement, because desiccated masses of faeces may 
remain in the cecal base or in its overhanging part. In such cases repeated 
rectal examination is advisable. In the event of complications occurring 
the prognosis becomes more grave, apart from cases of secondary dilatation 
of the stomach, which can be cured by gastric lavage. 


At the Budapest clinic the mortality in different years usually varies from 3 to 10 per cent. 
Behrens gives the mortality as 3:8 per cent. for impaction of the small] intestine and 4:7 per cent. 
for the large intestine; Freese gives 4:0 per cent. for the small and 27-7 per cent. for the large in- 
testine. According to Brieg, the mortality at the Copenhagen clinic is 64-4 per cent. for impac- 
tion of the colon, 17:9 per cent. for the cecum, and 67:75 per cent. for the small intestine. At 
the Vienna clinic, Wirth found a mortality of 14:3 per cent., covering a period of 10 years 
(in 6 years with food of average quality it was 6:3 per cent., with food of poor quality 34°3 per 
cent., and in very unfavourable conditions of feeding 44°3 per cent.). Gratzl reported 94:9 per 
cent. of cures in 490 treated cases of impaction of the cecum. 


Treatment. In the case of fecal impaction of the large intestine attempts 
should always be made to relieve the obstruction by large rectal injections 
(30 to 40 litres) of lukewarm water under moderate pressure. The 
injections should be given three times a day and if possible be retained by 
tampons. At the same time gastric infusions by means of the stomach tube 
or nasal catheter should be administered three times a day with 10 litres of 
water containing 5 per cent. of neutral salts (sodium or magnesium 
sulphate). Under these conditions the water introduced into the rectum 
can reach the upper portion of the colon and soften the impacted feces. 
The method of massive enemata (50 to 100 litres) recommended by 
Gratzl may also be applied. In this method, which is best performed 
under spinal anesthesia, to prevent precipitate ejection of the fluid, the 
latter can reach the upper part of the cecum, especially when an 
infusion of 40 to 60 litres of water is given 12 hours beforehand, 
together with a subcutaneous injection of a purgative, and the whole of 
the colon is evacuated. In this way cases of feecal impaction of the cecum 
which have not responded to other forms of treatment may be relieved. 
After an interval of 12 to 24 hours, when the impacted feeces have become 
softened, purgatives may be administered. The most suitable are sodium 
or magnesium sulphate, aloes in solution (if necessary at 3-day intervals), 
liquid paraffin (500 to 1,000 grammes) and other laxatives. Good results 


INTESTINAL IMPACTION - | 187 


may be obtained from the subcutaneous injection of physostigmine, pilo- 
carpine, or arecoline. In more refractory cases, pilocarpine and arecoline 
are more active owing to their action in increasing secretion. In cases 
requiring special care, and when there is much dilatation of the affected 
part of the intestine, these drugs should be injected in fractional doses 
(4 to 4 of the full dose) at intervals of } to 1 hour in order to prevent 
possible rupture of the intestine by too powerful muscular contractions, 
and in the case of arecoline to avoid the severe secondary effects which 
are sometimes observed (vertigo, bradycardia, cessation of peristalsis, 
fatal collapse after removal of the obstruction). The employment of 
barium salts is attended by danger and should not be practised. More 
recently, leutin, a synthetic derivative of cholin of parasympathetic origin, 
has been used subcutaneously in doses of 3 to 5 c.c. (3 mg. to 3 c.c. of water). 
In cases of feecal impaction of the cecum Gratzl warns against the use 
of drugs which stimulate intestinal tonus, and especially against drastic 
purgatives, and regards antispasmodic drugs such as atropine as having 
a more favourable action. 

Active exercise of the animal, by promoting intestinal peristalsis, 
seems to be beneficial in all cases. 

Among special modes of treatment for obstipation of the cecum must > 
be mentioned the yeast treatment, which consists in the introduction 
of 500 to 1,000 grammes of yeast into the stomach by means of the 
stomach tube. In cases which were not relieved by other methods the 
yeast treatment gave 67:04 per cent. of cure and 12°74 per cent. of 
improvement. 

In obstinate cases of cecal obstipation which do not yield to the 
above methods, and which are not of more than 6 to 8 days’ duration, 
puncture of the cecum followed by infusions of water may be tried. 
For this purpose Molnar employs a wash-bottle with blower, con- 
nected by a tube with a puncture needle 37 to 45 cm. long and 3 mm. 
in diameter, introduced at a suitable point with the aid of rectal 
exploration. As a rule this point is behind the last rib or in the last 
intercostal space. The needle, guided by a finger in the rectum, is thrust 
fairly deeply into the head of the cecum, and 14 to 3 litres of pure water 
or 3 to 5 litres of saturated sodium sulphate solution are introduced. By 
this means complete evacuation of the cecum was effected within 1 to 
4 days in several apparently hopeless cases. In the absence of proper 
assistance Gotzke uses a 100 c.c. syringe and cannula through which 2 litres 
of water are passed into the cecum. Neven employs the same kind of 
syringe, the cannula of which is connected with an irrigator, and instils 
250 to 500 grammes of neutral salts dissolved in lukewarm water. 

However, from 42 to 79 per cent. of cures can be effected by less drastic 
methods of treatment. In cases of cecal obstipation, Gratzl obtained 
93°7 per cent. of cures by relieving the spastic condition of the intestinal 
walls by subcutaneous injections of 0-05 to o-1 gramme of atropine, 
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followed by softening of the impacted feces by the oral ingestion of luke- 
warm water (3 to 5 bucketfuls daily at 2 to 3 hours’ intervals) and the 
administration of 3,000 to 6,000 grammes of liquid paraffin. 

In all suitable cases, when the condition of the animal is favourable, 
the essential treatment should be augmented by rectal kneading of the 
accumulated feeces, when these can be reached by the hand and counter- 
pressure can be made on the abdomen. With the same object energetic 
massage of the abdominal wall, or in some cases rolling the animal on its 
back, may be tried. Ritter relieved faecal impaction in a horse by massage 
with the hand introduced through a laparotomy incision, and Kammerer 
by means of irrigation of the colon through a hollow needle introduced 
through the rectum into the pelvic flexure. 

Dietetic treatment is also necessary in all cases of feecal impaction of 
the large intestine. Instead of rough forage or grain, which is preferred 
by horses with obstipation of the large intestine, but which always aggravates 
the condition, the diet should consist exclusively of watery fodder, such 
as bran or flour gruel, turnips, bulbous plants, and juicy green food, given 
in small quantities at intervals. The animals should be prevented from 
eating bedding straw by muzzling. Pasturing is beneficial. 

In fecal impaction of the small intestine, large quantities of water 
containing neutral salts should be introduced into the stomach. Other 
remedies are castor oil and liquid paraffin, followed in a few hours by 
physostigmine, pilocarpine, and arecoline in the same doses as for obstipa- 
tion of the large intestine. In some cases massage from the rectum is 
beneficial. Occasionally laparotomy with massage of the feecal impaction 
and laparo-enterotomy may be necessary for the removal of the obstruction. 

In both forms of intestinal impaction, but especially in that of the small 
intestine, lavage of the stomach should be performed soon after the onset 
of the affection and before the appearance of symptoms of secondary 
dilatation of the stomach, in order to avoid the risk of rupture of that 
organ. 

Prophylaxis. Animals lable to obstipation should be fed when 
possible on fresh hay or green fodder or molasses; or they should be put 
on pasture for a time, or neutral salts may be added to the feed as a sub- 
stitute for pasturing. Dental defects must be corrected. Such animals 
should be kept under close observation, so that any disturbance in defeca- 
tion may be rectified in time. Ducasse recommends injections of pilo- 
carpine and physostigmine at short intervals, but small doses of arecoline 
or pilocarpine are preferable. For the treatment of army horses Sustmann 
advises a slower return journey from exercises in place of a short railway 
journey, so as to accustom the animals more gradually to the change 
and restore their equilibrium. ‘The animals should also be allowed a 
regular supply of hay. 

Sand Impaction in the Stomach and Intestine of Horses 
(Sand Disease, Kumgata, Saburra.) ‘This condition arises from the 
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continued ingestion of sand, mud, cinders, particles of stone, earth, 
wood or bark, etc. The involuntary ingestion of such substances with the 
fodder or drinking water is often due to contamination of the food with 
sand, mud, etc., or to pasturing on sandy regions with scanty grass, or 
to contamination of the grass with sand during stormy weather; also 
through feeding from the ground, picking up scattered grain from the 
ground, or eating straw and manure in stalls. On the other hand, 
foreign substances may also be consumed in drinking from shallow pools 
or brooks, from cisterns with sandy or muddy sediment, or from shallow 
draw-wells. Independently of food and water, animals may consume 
such materials voluntarily, usually when housed or under some condi- 
tions (as in the first world war) when in the open, either from hunger, 
or when fodder is scanty, or when they receive insufficient roughage or 
bulk rations. ‘True licking sickness is seldom concerned, except perhaps 
in remounts (sand-eaters). | 

Anatomical Changes. Sand accumulation may occur in both the 
stomach and intestine, or in the latter only, in which case the principal 
sites are the saccular dilatation of the right dorsal colon, the pelvic flexure, 
and the transverse and lower portions of the colon. In the stomach sand 
concretions of large size and weighing 2 to 5 kg. may be found. The 
affected parts of the intestine are enlarged and filled with feecal masses 
mixed with concretions weighing from 30 to 40 kg. Not infrequently 
the mucous membrane is covered with a more or less extensive coating 
of sand or mud. In cases of slow development it may show no change, or 
it may show streaky, patchy or diffuse reddening or catarrhal and inflam- 
matory changes. Sometimes rupture or perforation of the intestine 
occurs. : 

Symptoms. According to Gniichtel, the first symptoms do not 
appear for at least 2 weeks; according to Habersang, not till after several 
months. Kalusch gives an average period of 4 to 6 weeks; in well-nourished 
animals, with partial evacuation of the sand, 8 to 12 weeks; while under 
unfavourable conditions of feeding colicky symptoms appeared in heavy 
animals after the accumulation of 35 kg. of sand, in large horses after 30 kg., 
and in small horses after 20 kg. of sand. On the other hand, in cases 
observed by Bethekes, the symptoms of colic appeared 5 days after the 
floor of the animal’s loose-box had been strewn with gravel containing 
cinders, fragments of stone, etc. While the appetite remains good the 
first signs to appear are reddish-yellow discoloration of the conjunctiva, 
frequent yawning, pica, and gradual increase in appetite till it becomes 
voracious. In about 3 weeks attacks of colic develop, at first of mild 
degree and usually on the occasion of a change of fodder or pasture; 
later the attacks occur spontaneously and are of greater frequency 
and severity, the animals become weak and emaciated, and death takes 
place after 1 or 2 months. In other cases there is great debility from 
the first, followed by prostration, slight colic, loss of appetite, diarrhcea 
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or constipation, a certain degree of flatulence, sometimes polyuria, 
moderate acceleration of pulse and respiration, and a slight rise of 
temperature (38-5° to 39°5° C.). According to Gniichtel, cases also occur 
which run a slow course without colic, but exhibit progressive emaciation 
and loss of strength, in spite of maintained or increased appetite and good 
feeding. In such cases the feces are formed in small balls. Death takes 
place from exhaustion. 

Diagnosis. This depends on the presence of sand or other foreign 
bodies mixed with the feces. In order to detect these, systematic and 
repeated examination is necessary, preferably by washing or by sedimen- 
tation, as in examination of.the intestinal contents for parasitic worms. 
Other diagnostic points are the frequent occurrence of colic, the results. of 
rectal examination, the consistence of the affected parts of the intestine, 
and also the history. Puncture of the cecum performed for other reasons 
will often reveal the presence of sand impaction. 

Treatment. On the whole the treatment is similar to that for 
feecal impaction, except that the respective drugs and other therapeutic 
measures require more frequent repetition, and the purgatives should be 
more active and should only be administered subcutaneously after evacua- 
tion of the intestinal contents has commenced. During convalescence, 
succulent and watery food should be given for 3 or 4 weeks in order to 
soften the sabulous mass still remaining in the intestine. 

Prophylaxis. ‘This depends to some extent on the local conditions. 
If possible the animal should be pastured or a sufficient supply of green 
fodder allowed, or a bulk ration in the form of hay or straw should be 
provided. The fodder must be free from sand and dust. Horse lines 
in the open must be kept clean. The front of the standings should be 
protected with wire netting, or a trench should be dug and filled with 
manure or leaf mould. The animals may be muzzled between feeds and 
aiso when left standing for long in the open. Pure drinking water must 
be supplied, if necessary by allowing it to settle. ‘The animals should be 
prevented from drinking open muddy water. Under some conditions 
the general administration of laxatives may be advisable. 


& 


(b) Fecal Impaction in Carnivora 


Fecal accumulation is often produced by hard substances such as 
pieces of bone, more rarely by fruit stones, small pebbles or earth. Also, 
dry rations consisting chiefly or entirely of cereal food (bread, dog 
biscuits, husks, flour paste) and bone have the same effect. In the same 
way hairs, blades of grass, etc., unite with the food particles to form hard 
balls, especially in cats. Retarded peristalsis due to want of exercise is 
another cause of faecal accumulation, especially in house dogs and in old 
and debilitated animals. 
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As a secondary symptom, feecal impaction occurs in stenosis and obturation 
of the intestine, in painful conditions of the abdominal muscles (rheuma- 
tism) and the perineum (inflammation of the anal glands), after matting 
of the hairs around the anus. It sometimes occurs after chronic intestinal 
catarrh, and is usually present in chronic affections of the spinal cord. 

Anatomical Changes. The rectum and colon contain dry, dark 
brown, mortar-like lumps of varying extent, sometimes forming a cylin- 
drical mass filling the whole intestine. In cases of long duration necrosis, 
hemorrhagic or diphtheroid inflammation, and even perforation of the 
gut may occur. 

Symptoms. Repeated attempts at defecation produce no result, 
or only the passage of dry lumps of faeces sometimes covered with mucus or 
blood. Occasionally small quantities of liquid, foul-smelling feces are 
passed, resulting from superficial softening of the impacted feces which 
allows liquid matter to pass through. 

On palpation of the abdomen a hard sausage-shaped mass (so-called 
fecal tumour) may be felt in front of the pelvic inlet, below and parallel 
to the vertebral column. ‘This sometimes extends behind the liver or 
even further towards the right half of the abdomen, and is movable both 
laterally and antero-posteriorly. Occasionally only one or more large 
fecal lumps are felt. Redness and swelling of the perianal region is also 
observed. Rectal examination with the speculum shows redness and 
swelling of the mucous membrane, and sometimes the presence of hard 
masses of feeces or fragments of bone in the rectum. 

Other symptoms are restlessness and moaning, sometimes lassitude 
and inertia, stiffness in gait. The appetite may remain good for the 
first day, but afterwards becomes gradually diminished. Vomiting is 
rare, but when it occurs is always stercoraceous. In the event of enteritis 
developing at a later stage, there is a rise of temperature. 

Course. Mild cases recover spontaneously, and even severe cases 
may recover under proper treatment. Neglected cases, however, may 
eventually die from enteritis, septicemia or peritonitis, or occasionally 
from uremia resulting from compression of the first part of the urethra 
by the rectum. After the condition has lasted 2 or 3 weeks treatment is 
of little avail. 

Diagnosis. Retention of feces, ineffective attempts at defecation, 
and the presence of desiccated feecal masses point to the diagnosis. When 
obstipation occurs in a previously healthy animal and the cause of this 
condition is evident from the nature of the feces, primary obstipation 
may be assumed. Otherwise a thorough examination of the different 
organs must be made to determine whether the obstipation is secondary 
to some other affection, especially chronic disease of the spinal cord. 
Diseases of the anal region and pelvic organs, and also intestinal obstruc- 
tion, can be excluded by attention to the history and by palpation, per- 
formed if necessary under narcosis. In the case of infrequent defecation 
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following starvation or antecedent diarrhcea the accumulation of faces 
is inconsiderable. 

Treatment. In mild cases treatment may be confined to the intro- 
duction of large quantities of lukewarm water, preferably containing soap 
or oil, into the rectum; or pure oil may be used. ‘This is performed by 
means of a funnel and rubber tube or an irrigator under low pressure, 
while the animal’s hind quarters are raised. Softening of the feeces may 
be accelerated by careful pressure and kneading, repeated as often as 
required. Sometimes glycerine enemata are effective (1 to 5 C.c. pure 
glycerin, or diluted with water). 

Desiccated balls of faeces and bone fragments in the rectum can be 
removed by the finger or by dressing forceps, and fecal masses lying further 
up the intestine can be softened by means of injections of lukewarm water. 
In such cases good results can be obtained by Ullrich’s method of complete 
intestinal irrigation, in which, after removal of the contents of the rectum 
by a cleansing enema, lukewarm water (37° to 39° C.) or-1 per cent. 
saline solution is passed into the colon from an irrigator at a height 
of 100 to 150 cm. The irrigator tube is interrupted by a glass tube 
45 cm. from its end, and the terminal part of the tube is of the same 
consistency as a nasal catheter. The tube must be passed at least 15 
to 30 cm. into the colon, so that the connecting glass tube les in the anus 
and prevents escape of the irrigating fluid. The irrigation is continued 
till clear water returns from the stomach after repeated vomiting. ‘This 
method is contra-indicated when intestinal necrosis is present, and in 
uncompensated cases of heart disease and cardiac debility. 

Purgatives should be given only in recent cases, or after removal of 
fecal masses. The most suitable are castor oil (1 to 3 tablespoonfuls 
in emulsion with + to 4 part of gum arabic and 5parts of water, or in 
gelatin capsules of 3 to 5 grammes), grey powder (for dogs 0-10 to 0-40 
gramme, for cats 0-10 to 0-15 gramme) [many practitioners have now 
discarded calomel and castor oil in small animal practice, and have 
replaced them by grey powder (hydrargyrum cum creta) and liquid 
paraffin respectively], extractum cascare sagrade, phenolphthalein (0-3 
gramme for large, 0°12 gramme for small dogs). Neutral salts may also 
be employed. In obstinate cases (without inflammation of the intestinal 
mucosa or the penetration of hard substances into the intestinal wall) 
more drastic purgatives may be given (1 to 5 drops of croton oil in 10 to 
30 grammes castor oil, or jalap 0-2 to 0-4 gramme). [The use of such 
drastic purgatives has now almost entirely been abandoned in place of 
the repeated administration of mild aperients.—ED.] 

In cases of secondary fecal impaction due to tumours, abscess forma- 
tion, prostatic enlargement, or cicatricial stricture surgical intervention 
is necessary. 

With regard to diet, this should consist of liquid nourishment in the 
form of broth, soup or milk. All food containing flour (bread, dog 
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biscuits and potatoes), also bones, should be excluded. Animals with a 

tendency to constipation should be given sufficient exercise. For the 
prevention of obstipation in cats resulting from swallowing hair, Grobon 
recommends brushing the animals daily and giving them an oleaginous 
aperient twice a month. 


(c) Fecal Impaction in Ruminants 


Occurrence. Owing to the double mastication of food in ruminants 
and its mixture with abundance of fluid in the fore-stomachs, primary 
obstipation is uncommon, but is occasionally observed in cattle, goats 
_and sheep. | 

Etiology. One of the principal causes of obstipation in ruminants 

is continued feeding with dry fodder difficult to digest (leafy.fodder or 
matted hay). Bruce observed several fatal cases in sheep 14 days after 
feeding on lucerne hay mixed with cactus plants and sand. Other materials 
likely to cause obstipation are moist, mouldy straw or withered, dried or 
rotten cabbages. Mathis observed severe cases of fecal impaction in 
cattle after prolonged railway transport. 
; Symptoms. The early symptoms include obstinate constipation, 
- moderate flatulence after every feed without accumulation of food masses 
in the rumen, gradual decrease of appetite and retarded rumination. 
Symptoms of restlessness are absent or only slightly apparent. The faces 
are dry or tarry, sometimes covered with thick mucus, and are passed 
with great effort. The intestinal sounds are absent or weak and less 
frequent. On rectal examination sausage-shaped loops of intestine 
distended with hard feces can be felt in the right flank; in smaller animals, 
such as sheep and goats, these can be felt by abdominal palpation. In 
sheep Bruce observed, in addition to obstipation, restlessness or hebetude, 
lateral or downward bending of the head, grinding of teeth, and in. 
severe cases death in 10 to 21 days after eventual. evacuation of | 
softened faeces mixed with blood and sand. As a rule only very 
severe cases end fatally. Johnk reported a case of death from rupture of 
the intestine. 

Diagnosis. Displacements of the intestine are distinguished from 
_feecal impaction by the severe colic and the rapid exacerbation of 
symptoms. Intestinal stenosis often can be excluded only by rectal 
examination. 

Treatment. This consists in the administration of large quantities 
of water, neutral salts given well diluted in water (500 to 1,000 litres for 
cattle, 50 to roo litres for goats), aloes (40 to 60 grammes for cattle, 10 to 
20 grammes for goats). It should be noted that aloes given to suckling 
mothers may cause diarrhoea in the young animals. Tartar emetic is also 
useful (10 to 20 grammes for cattle, 0-2 to 2-0 grammes for goats), given 


either alone or with neutral salts. Physostigmine, pilocarpine and 
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arecoline are also administered to cattle, but should be used with 
caution. 

The diet should consist of potatoes, turnips, bran or flour gruel, and 
succulent green-stuff. 

Inelephants, Wildsfeuer observed fecal impaction of the colon with tympanites after prolonged 
railway transport in cold and wet weather and feeding with impure bran. ‘The symptoms in 
these cases included moaning, alternate raising and stretching of both right legs, frequent ineffec- 
tive attempts at defecation, distension of the abdomen (especially on the right), metallic sounds 
in the intestine, and the presence of feecal masses the size of a man’s head in the rectum, After 
massage, followed by the introduction of 10 bucketfuls of water into the rectum, the administra- 
tion of 5 kg. of sodium sulphate and the subcutaneous injection of 0-2 gramme of arecoline 
hydrobromide had produced no effect, and 50 grammes of barium chloride given between pieces 
of bread had been rejected, the evacuation of feeces and intestinal gases was finally effected 
by the injection into the pharynx of 50 grammes of barium chloride dissolved in 3 litres of water 


with 250 grammes of glucose by means of an enema syringe, and simultaneous subcutaneous 
injection of 0°3 gramme of arecoline, and also water enemata. 


(d) Fecal Impaction in Swine 


‘Etiology. In swine, fecal impaction occurs chiefly after exclusive 
dry feeding with grain, short-cut chaff, cocoanut cake, etc., also after 
the ingestion of sand, and sometimes after prolonged confinement in sties. 
Secondary impaction is comparatively common as a complication of 
swine fever, tuberculosis and intestinal stenosis. 

Symptoms. These comprise reduced appetite, increased thirst, 
temporary restlessness, frequent attempts at defecation resulting at first 
in the expression of small lumps of feces, but followed later by complete 
retention. Abdominal palpation in animals which are not too fat reveals 
the presence of loops of intestine plugged with masses of desiccated feces, 
and sometimes adhesions between them. In a case of impaction of the 
whole of the large intestine Oppenheim obscrved retention of urine 
resulting from compression of the neck of the bladder. 

Treatment. By means of abundant enemata of water (2 to 4 litres), 
the removal of the accumulated feces from the rectum, and the administra- 
tion of purgatives the impaction can usually be relieved. Neutral salts can 
be given in the drinking water, or placed on the tongue with a spoon, 
or, more conveniently, placed on the back of the tongue in bolus form 
by means of forceps. American veterinarians administer fluid drugs by 
a spoon passed along the tongue to the pharynx. Purgatives can also 
be introduced directly into the stomach by means of the stomach tube, 
with the animal in a squatting position. By these methods tartar emetic 
(o-5 to 1:0 gramme) or castor oil (50 to 100 grammes) can be administered. 
Physostigmine can be given subcutaneously (0-005 to 0:02 gramme). 
Tartar emetic, castor oil or calomel (1 to 3 grammes) can also be given 
in the form of an electuary. 

The diet should consist principally of roots, fallen fruits, green fodder, 
sour milk and whey. 
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' ~ (e) Fecal Impaction in Rabbits 


AKtiology. Rabbits develop fecal impaction after abundant or ex- 
clusive dry feeding with bran or other indigestible food. 

Secondary fecal impaction occurs in chronic intestinal catarrh, in 
the presence of enteroliths, and sometimes in painful affections of the 
rectum or of the anal region. 

Symptoms. At first defecation is delayed and accompanied by 
tenesmus; later there is retention of feeces, with loss of appetite and activity. 
Hard masses of faeces can be felt in parts of the intestine on abdominal 
palpation. 

Treatment. With suitable treatment most cases recover. ‘This 
consists in water enemata, the introduction of soap suppositories, the 
administration of castor oil (in teaspoonful doses), and equal parts of 
syrup and milk, and pills of senna (1 to 2 grammes) or rhubarb (0:2 to 
0-4, gramme); tincture of rhubarb (5 to 10 drops in water). 

The diet should consist of green food, soft roots, lettuce, etc. 


(f) Fecal Impaction in Poultry 


‘Etiology. In poultry kept on free range fecal impaction is rare, 
and when it occurs is usually due to impaction of foreign bodies (pebbles, 
feathers, pieces of rag, etc.). In over-fed, highly-bred birds kept in 
confinement fecal impaction is more common, and is due partly to 
indigestible food and partly to delayed peristalsis resulting from lack of 
exercise. Fecal impaction of the ceca, caused by improper feeding, 
may appear in an enzootic form, especially in young turkeys. 

Symptoms. At first there is constipation with tenesmus and the 
passage of dry scanty feces; later, lassitude and loss of appetite. In 
neglected cases necrosis of the intestine may occur, or prostration may 
result. In a case of Bailer’s with cecal impaction death took place 
unexpectedly. 

Treatment. Mechanical obstructions such as matted feathers 
around the cloacal opening must first be removed by washing, and dried 
feeces in the’cloaca by means of a spoon. Desiccated feces in the rectum 
are best removed by syringing with olive oil or soap and water, or in small 
birds by means of a blunt probe soaked in glycerin or castor oil. In 
impaction situated in the higher parts of the intestine castor oil (in tea- 
spoonful doses) should be given, or rhubarb pills (0-4 to 0-6 gramme 
with butter or honey), calomel (0-05 gramme), neutral salts in weak 
solution (1 : 200), or in the drinking water. 

The diet should consist of green food, softened grain, boiled bran, 
lettuce, carrots and fruit. 
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22. Internal Occlusion of the Intestine (Obturation) 


By obturation of the intestine is understood sudden narrowing or 
complete closure of the lumen by abnormal matter or by foreign bodies 
within it. ‘ 

Occurrence. This affection is rare in horses. In horses of the 
Prussian army it accounted for only 0-35 per cent. of the cases of colic, 
and at the Budapest clinic only 0-2 to 0-7 per cent. According to Holter- 
bach, foreign bodies in the duodenum are not uncommon in cattle. 

Etiology. In horses obturation is usually caused by intestinal 
concretions or fecal balls, less often by parasites, and rarely by foreign 
bodies. 

True enteroliths consist principally (about go per cent.) of phosphates 
of ammonium and magnesium; they also contain $ to 14 per cent. of 
carbonate and phosphate of calcium, and small quantities of chlorides 
of sodium and potassium; they have an average specific gravity of 
1,700. The most common cause of their development is feeding on 
wheat or rye bran, which has a high content in magnesium phosphate, 
and consequently they are more common in the horses of millers and 
bakers. ‘The magnesium phosphate is precipitated by the alkaline contents 
of the large intestine when it has been ingested in quantities too great to 
be completely absorbed by the small intestine, and is also excreted from 
the blood through the mucous membrane of the large intestine. It 
combines with the ammonia formed during putrefactive processes in the 
intestine to form phosphate of ammonia and magnesium, which crystallises 
on any hard bodies present in the intestine, such as oat grains, pebbles, 
fragments of iron, swallowed teeth, etc. According to Zschokke, however, 
chronic digestive disturbance is the principal factor in the production 
of enteroliths. ‘These are usually formed in the large intestine, especially 
in the right dorsal colon. ‘There may be one or more large stones weighing 
10 kg., usually globular in shape, or numerous small ones of irregular 
formation. According to Joest, tetrahedral or disc-shaped bodies may be 
formed by the welding together of separate stones. Colin found enteroliths 
in the ventricular dilatation of the cecum in 2°5 per cent. of goo horses 
examined. Only rarely have enteroliths been found in the small intestine, 
and some of these may have been gall-stones, as in a case reported by 
Lewin. | 


According to Furstenberg, a new layer is added to the enterolith after every feed of bran. 
A stone weighing 14 pounds and 6 inches in diameter, consisting of 720 layers on section, would 
therefore have taken 360 days to develop. In a case of Pastores’ a stone the size of a fist was 
formed in less than a year. Ina case of Shaller’s a stone the size of a “ skittle ball ’? was found 
to have a piece of molar tooth in its centre. 


In addition to true enteroliths there are false or pseudo-enteroliths 
which are formed after the ingestion of sand or soil, wood fibre (Robin), 
or coal-tar (Léorret and Perreau). In these cases the foreign material 
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mixes with the intestinal contents to form dry, mortar-like lumps, which 
unite to form larger masses. Pseudo-enteroliths may contain phosphate 
and carbonate of lime, especially in bran feeding, swallowed hair, dry 
vegetable particles or other foreign bodies. Sometimes they take the form 
of vegetable hair balls (phytobezoars, phytoconcretions) consisting of 
plant hairs, such as those of oats, and vegetable fibres covered by a 
deposit of inorganic salts and formed in the same way as the hair balls 
_ found in the fore-stomachs of ruminants (p. 86). The surface of pseudo- 
enteroliths and vegetable hair balls is usually uneven and sometimes 
presents sharp projections (Fig. 19), or is covered with a crust of phosphate 
of ammonia and magnesia. They are much lighter in weight than true 
enteroliths. 
Grimme found phytobezoars the size of a fist in the colon of a horse which had been fed on 


oatmeal, and Wiesner found a concretion composed of desiccated food constituents, hairs and 
lime deposits in the terminal portion of the ileum in a 3 months old foal. 


Fic, 19:—PsEUDO-ENTEROLITH FROM THE SMALL COLON OF A HORSE (REMOVED BY 
LAPARO-ENTEROTOMY). 


Bellec and Hahn observed in foals many cases of concretions consisting 
of matted clover and reed fibres, due to feeding on green clover before 
it is in bloom (from April to June or July), when the still thin but already 
elastic fibres of the clover plant are insufficiently masticated. The same 
applies to reeds at all seasons, but especially in the winter. In animals 
with defective teeth, stalks of hay, straw and other parts of rough fodder 
may form spherical or cylindrical masses with the faces from the size 
of a fist to that of a child’s head, owing to insufficient mastication. Such 
feecal balls are found in the colon. 

; The retention of meconium in new-born foals is common in certain 
breeds of horses and may give rise to intestinal obstruction, the nature 
of which is not yet explained. It has been variously attributed te con- 
genital debility, to improper feeding of the mares, to withholding the 
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colostral milk or to defects in its quality, to narrowness of the pelvis 
especially in male foals, and to paratyphoid infection. The retained 
meconium remains in the rectum and sometimes extends further forward 
into the small colon, or even as far as the colon. 

Animal parasites may sometimes cause obturation of the intestine, 
those chiefly concerned being ascarides and the larve of Gastrophilus 
equi. Swallowed foreign bodies seldom cause obturation. Another rare 
cause is hematoma of the intestinal wall. Occasionally a foreign body 
er hard particle of fodder may give rise to perforation in the right 
dorsal colon (Bochberg, Fontaine, personal observation), or to abscess 
formation. 

In dogs, intestinal obturation is usuaily due to swallowed foreign bodies, 
or to hair balls, desiccated feces or parasites (tenie). In a case of 
Jakob’s a 6 months old dog swallowed a rope more than 6 yards long and 
knotted in several places. Cats are rarely affected by similar foreign 
bodies. 

In ruminants and swine, obturation is sometimes caused by hair or 
fecal balls, or by conglomerations or plugs consisting of grass stalks, 
by ingested foreign bodies (in a case of Otto’s in a pig, by the branch 
of a shrub; in a case of Rausch and Normer, by a piece of wire), or by a 
hematoma of the intestinal wall. Fetting found the body of a-kitten 
wedged in the small intestine of a heifer which had died of digestive dis- 
turbance. Wyssmann reported a case of obturation caused by fibrin 
masses, and Spérer two cases, one of which was due to impaction of a 
potato, the other to a rough vegetable stalk wedged transversely in the 
small intestine. 

It has also been observed in swine that small stones mixed with corn 
as adulterants have frequently caused fatalities. Joest found congenital 
atresia of the small intestine in a new-born calf. 

In geese, intestinal obturation has been known to be caused by 
plugging the intestine through the cloaca with maize, with the fraudulent 
object of raising their weight. | 

Pathogenesis. Concretions developed in the intestine and foreign 
bodies introduced from without may sometimes remain in wider portions 
of the intestine without causing any harm.~ In a healthy miller’s horse, 
Zschokke found 21 kg. of enteroliths, one of which weighed 10 kg. In 
another horse Klingberg found nineteen stones. In other cases enteroliths 
give rise to chronic intestinal catarrh or stenosis, and sometimes to occlusion 
of the narrower portions of the intestine when they have been moved there 
by peristaltic action, and either alone or with the addition of the accumu- 
lated feeces cause complete closure of the lumen. 

In horses, concretions and conglobations are found most commonly 
in the first part of the small colon, less often in a posterior portion of 
the gut, and occasionally in the pelvic flexure of the colon and in the 
cecum. In the ileum or duodenum obturations are more often due 
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to desiccated masses of feces, while in dogs the large intestine is usually 
the seat of fecal obturation. In all other cases (foreign bodies, para- 
sites), in horses and in other animals the obturation occurs in the small 
intestine. 

When the obstructing body acts like a ball-valve to the opening of a 
narrow portion of the intestine it does not give rise to tension either of 
the distal narrow portion or of the proximal wider portion of the intestine 
(in the case of concretions in the right dorsal colon) and causes symptoms 
similar to those of fecal impaction of the large intestine (see p. 182). 
On the other hand, the mobility of the obstructing body renders it liable 
at any time to give rise to some degree of tension irritation, although it 
may be only temporary, of the intestinal muscles, which causes a local 
enterospasm manifested by colic. Sharp or pointed bodies, by penetrating 
the wall of the intestine, may cause considerable pain. 

Peristaltic movements behind the site of obstruction soon cease, owing 
to the absence of periodical filling of that part of the intestine and reflex 
inhibition. On the proximal side of the obstruction, however, they are 
at first increased in intensity owing to the tension stimulus caused by the 
accumulated contents; later, when the intestine becomes over-distended 
the peristaltic movements cease also on this side of the obstruction. A 
certain degree of flatulence may also develop in the proximal side of the 
obstruction owing to decomposition of the contents and the hindrance 
to the escape of intestinal gases. In obturation of the large intestine 
fecal impaction gradually supervenes, and in horses sometimes secondary 
dilatation of the stomach. 

Owing to the pressure of the obstructing body, or as the result of trauma, 
inflammation or necrosis of the mucous membrane may ensue, which may 
eventually lead to rupture. General symptoms in these cases occur only 
in the case of complications (enteritis, rupture, tympanites, dilatation 
of the stomach). 

Symptoms. In horses, the symptoms of intestinal obturation in 
some cases are identical with those of fecal impaction, especially in 
obturation of the first part of the small colon (see p. 183), except that 
complete retention of feeces usually occurs after one or two defecations, 
and the onset of the affection is more sudden. In other cases periodic 
attacks of colic occur, during which the animal throws itself down and 
rolls about, except when the presence of sharp-bordered concretions 
renders such actions painful. In this case pain is manifested by the animal’s 
moving about restlessly, turning its head towards the abdomen, shaking 
its head, and by painful groaning. It frequently also adopts unnatural 
positions—squatting, kneeling and stretching. 

Complete retention of faeces usually occurs after one or two evacuations, 
except in the case of uneven concretions which allow the passage of fluid 
feces between their prominences, and small quantities of foul-smelling 
liquid feeces are evacuated. 
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Rectal examination shows that the rectum is empty. In horses of 
medium size foreign bodies in the first part of the small colon can 
be found lying in front of the anterior margin of the kidney or in the 
middle line (Fig. 20). Sometimes they are found in the pelvic flexure, 
the ileum, or in the right dorsal colon, rarely in the duodenum (when 


Fic. 20.—ENTEROLITH IN .THE RiGHT DorsAL COLON AND IN THE First PART OF THE SMALL 
CoLon IN A HorsE: OBLIQUE SECTION OF THE ABDOMINAL CAVITY, ABOVE THROUGH THE 


First LuMBAR VERTEBRA, BELOW THROUGH THE FLANK. 


Sp, Spleen; Rns, left, Rnd, right kidney; Cm, enterolith; 7, empty loops of intestine; Csd, left 
upper portion of colon; Csv, left lower portion of colon; D, duodenum; Co, cecum; Cdd, 
ventricular dilatation of colon with enterolith; Cdv, right inferior portion of colon; A, aorta 


and mesenteric artery; V, posterior vena cava. 


they generally consist of masses of ascarides). Concretions are usually 
felt as hard, sometimes uneven and nodular bodies, sometimes imbedded 
in fecal masses which cause more or less pain on pressure. In the case 
of obturation of the rectum the obstructing body can be reached with the 
hand. In one case an enterolith at the apex of the cecum caused a 
swelling in the abdominal wali behind the ensiform cartilage. 
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The temperature at first remains normal and the respiration and pulse 
rates are but little changed (pulse rate below 50). In obturation of the 
proximal part of the small intestine, however, the pulse rate is increased 
_ from the first, owing to secondary dilatation of the stomach or to the occur- 
rence of enteritis, in which event there is belching, eructation or sometimes 
vomiting. 


Obturation due to retention of meconium develops on the second day after 
birth in a previously healthy animal, and is manifested by symptoms of colic, 
attempts at defecation, together with wagging of the tail, pawing with the 
fore legs, rolling on the back and moaning. Although suckling is continued, 
the animal rapidly weakens and sometimes exhibits convulsions. The rectum 
is filled with hard meconium which causes bulging of.the anus. In the absence 
of proper treatment only mild cases recover. According to Brix, therapeutic 
measures often fail when colic has already developed. Occasionally rupture 
of the intestine occurs. 


In cattle the symptoms may be the same as those of intestinal stenosis 
_ (see p. 207) or there may be retention of feeces with tenesmus and colic. 
The appetite and rumination are diminished and there is usually a 
moderate degree of tympany. Rectal examination sometimes reveals 
the presence of an obturating foreign body in the right half of the 
abdominal cavity. 

In dogs the symptoms consist in persistent vomiting (sometimes fecal), 
loss of appetite, intense thirst, partial or complete retention of feces. 
The animals are morose or melancholy, and later become apathetic. 
They show pain by frequent change of position, whining, arching the 
back and retraction of the abdomen. The pulse and respiration are 
accelerated; there are patches of necrosis in the buccal mucosa associated 
with a foul odour from the mouth. The temperature rises to over 40° C., 
but afterwards becomes subnormal. Albuminuria and choluria are 
often present. : 

Systematic palpation of the abdomen (especially under narcosis) 
- reveals distended loops of intestine and often the presence of a foreign body, 
either freely movable (when in the ileum and jejunum) or only movable 
laterally (when in the descending colon), or in the epigastrium behind the 
liver (when in the ascending or transverse colon), when it is slightly movable 
in all directions, or immovable in a downward direction (when in the 
duodenum). 

Sharp foreign bodies sometimes perforate the wall of the intestine 
and set up general peritonitis (Rubay and Goidsenhoven), or they may 
cause an abscess in the abdominal wall. In a case of Dasch’s a dog 
with duodenal obturation exhibited symptoms of motor paresis of the 
stomach, together with tetany, Foreign bodies in the rectum can often 
be felt on rectal exploration. 

The most certain means of detecting a foreign body which is situated 
as low down as the colon is by means of X-ray examination after rectal 
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injection of a contrast mixture and comparison with the results of palpa- 
tion. If necessary this can be supplemented by the oral administration 
of a contrast barium or bismuth meal. 

In a pig in which a piece of wood had become impacted in the large intestine, but had not 
caused occlusion, no disturbance of health resulted (Otto), while in another animal, with a 


pointed foreign body in the rectum, defecation was accompanied by tenesmus and masses of pus 
were discharged from the anus. 


Course. After complete occlusion of the intestine the condition in 
large animals is commonly of short duration—usually 1 or 2 days, rarely 
1 or 2 weeks. Ina case of Felder’s the duration was 30 days, and in a 
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a, Obstructing rubber ring; 5, shadow of liver; c, distended loops of intestine. 


case reported by Friis and Félger 20 days. In dogs the duration may be 
from 1 to 3 weeks. Complete occlusion is usually preceded by difficulty 
in defecation and symptoms of colic. | 

Cases occasionally recover spontaneously or after medicinal treatment, 
if the obturating body is not too large, when it is eventually expelled 
through the anus by increased peristaltic action. In exceptional cases 
a sharp-pointed foreign body is extruded through the abdominal wall, 
as in a case observed by Navez and Renard in a horse. Very rarely an 
enterolith passes backwards from the first part of the small colon into the 
right dorsal colon. In the case of a horse reported by Atzinger a table- 
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spoon 22 cm. long was passed in the feces, after which the animal 
recovered. 

In the majority of cases the affection has a fatal termination, which is 
preceded by fever, marked acceleration of the pulse, and not infre- 
quently rupture of the intestine, manifested by the sudden cessation 
of colic. 7 | 

Diagnosis. This can be made only with certainty by feeling the 

obturating body through the rectum, or in small animals through the 
abdominal wall. In small animals it may be detected by X-ray examina- 
tion (vide supra). In dogs the history often points to the ingestion of a 
_ foreign body, and in horses the same applies; e¢.g., feeding.on bran and 
crushed grain, or the excessive presence of sand on pasture. 
. QObturation is distinguished from fecal impaction in some cases by 
the presence of severe abdominal pains, the absence of dilatation of the 
large intestine by masses of feces in the early stage, and later by the 
early occurrence of fecal retention. In intestinal displacements and in 
thrombosis of the mesenteric artery fecal impaction is absent, but there 
is marked tympany of certain sections of the intestine, with a weak and 
rapid pulse. 

Treatment. In the horse the evacuation of comparatively small 
stones can be effected by purgatives. Among these are castor oil (500 
_. to 600 grammes with olive oil, liquid paraffin or mucilage), pilocarpine, 
or arecoline. Enteroliths or other bodies situated near the anus can be 
removed manually by making rotary movements, or after breaking them 
up. This method may be tried in the case of brittle concretions situated 
in the first part of the small colon by careful crumbling through the 
wall of the gut. Occasionally the concretion can be pushed back into 
the right dorsal colon, either by the hand or with the aid of copious 
enemata. Gratzl obtained successful results by the latter method in 
18 cases, in 12 of which only 1 injection was given. 

In the failure of the above methods and also in cases which are obviously 
unsuitable (very large stones or unfavourably shaped bodies) laparo- 
enterotomy is indicated, although a successful result by this operation 
is rarely attained, because the junction of the colon with small colon is 
usually displaced andthe withdrawal of this part of the intestine into the 
abdominal wound is impossible owing to its firm attachment to the upper 
abdominal wall. In 7 cases of laparotomy performed in horses Hobday 
succeeded only once in removing the enterolith, and in this case the 
animal died in 2 weeks. Many British and Continental veterinarians 
record similar experience of this operation. Félizet removed a stone 
the size of a child’s head from the colon, and Ghisleni a similar one 
from the cecum successfully. Laparo-enterotomy appears to be chiefly 
indicated in obturation of the small colon (which is attached by a long 
mesentery). According to Doenecke, brittle concretions situated in the 
first part of the small colon can be broken up through the intestinal 
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wall after laparotomy, or simply by displacing them towards the rectum 
by the hand. 

Impacted meconium can often be removed from the rectal ampulla 
by means of the finger, but it is usually necessary to give half-hourly 
injections of cold soapy water, together with the administration of 60 
to 80 grammes of castor oil and 1 to 1-5 grammes of calomel (in suspension 
in mare’s milk). 

Under conditions where retention of meconium is of frequent occurrence 
Brixner recommends examination of new-born foals every 3 hours, in order to 
detect evacuation of meconium, and in case of its non-appearance to remove it 
by means of castor oil before colicky symptoms appear. ‘The use of the ‘‘ meconi- 


torium ”’ recommended by Topper for the removal of meconium is now regarded 
as unreliable and unsatisfactory. 
: e 


In cattle, foreign bodies can be removed by operation. Seltenreich 
saved an animal by removal by the hand introduced through the 
abdominal wound of a piece of wire which had perforated the jejunum. 

In dogs, the method of treatment depends on the situation and the 
number of the foreign bodies, and on their size, shape, and the character 
of their surface. Pieces of thread, rubber balls, corks, and other objects 
with rough or wrinkled surfaces, and also heavy metal bodies, should be 
removed as soon as possible by operation. In other cases repeated in- 
testinal irrigations should first be tried, because by this means the foreign 
body may be expelled either through the anus or by way of the stomach. 
Foreign bodies in the descending colon and rectum can be removed by 
the hand or by forceps, with the aid of mucilaginous or oily enemata. 
(In a case of Jakob’s a piece of rope 64 metres long was removed piece- 
meal, partly by vomiting and anal evacuation and partly after abdominal 
massage and the administration of purgatives.) Uberreiter reported 348 
cases, in 180 of which enterotomy was performed with 70 per cent. cures, 
while in 158 cases treated by enemata alone 86 per cent. recovered. 

Prophylaxis. The nature of the prophylactic methods to be adopted 
depends upon the causes with which the condition is associated. 


23. Narrowing of the Intestine (Intestinal Stenosis) 


This term applies to a group of pathological conditions of different 
origins, but in all of which there is a diminution of the lumen of the 
intestine. : 

AEtiology. In some cases intestinal stenosis (or stricture) is caused 
by the contraction of scar tessue, resulting from enteritis, from injuries 
caused by foreign bodies, from ulceration of the gut, or after the expulsion 
of an invaginated portion of intestine, which sometimes occurs in the 
small intestine, small colon or rectum. Cicatricial stenosis of the ileo- — 
cecal opening in horses is not infrequently due to injury to the mucous 
membrane by sharp objects, including buckwheat. straw; although 
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several Continental clinical observers regard this as a rare occurrence, 
Stenosis of the ileum, with resulting hyperplasia and thickening of the 
muscular layer in horses, is generally due to the continued action of the 
ileo-ceecal valve when large amounts of faeces and gas have accumulated, 
- and possibly also to compression of the cecum together with the ileo- 
cecal opening, which, under such conditions, may occur frequently in 
mild cases, but seldom in severe ones. In swine, prolapse of the rectum 
often leads to stenosis. In an ox Bianchi found that a fatal case of 
stenosis of the ileum was caused by the presence of a layer of lime 
1 cm. thick between the mucosa and the muscularis, forming pro- 
nounced longitudinal folds? Congenital stenosis of the coc aaa was 
observed by Schreck. 

In chronic perttonitis several clinicians have observed that the con- 
traction of cicatricial tissue may give rise to stenosis in one or more 
parts of the intestine. Adhesive peritonitis also often causes stenosis 
by kinking of loops of intestine adherent to the abdominal wall or to 
other abdominal organs owing to the traction of their free portions in 
the deeper parts of the abdominal cavity (Avérons, author’s observa- 
tion): According to Jéhnk, such kinking is not uncommon in cattle in 
the jejunum at its junction with the ileum, and is probably due to 
circumscribed peritonitis caused by contusion of the wall of the intestine 
in parturition. Similar cases running an acute course have been reported 
by Guillebeau and Dun. Stenosis caused by subacute an in this 
way has sometimes been observed in horses. 

Tumours of the intestinal wall sometimes give rise to stenosis. Achilles 
found intestinal tumours (mostly sarcoma) in 0-2 per cent. of slaughtered 
horses. ‘The most common tumours are polypi of the mucous membranes, 
which are usually found in the rectum, while sarcoma is more frequent 
in the small intestine, often in an infiltrated form with the histological 
structure of a lympho-sarcoma (Rabe, Kitt, Frohner, Stenstr6ém). Joest 
_ reported a case of chondrosteoblastic sarcoma. Melanoma has been found 
in the cecum and rectum of horses. Carcinoma is often found in dogs 
in the region of the anus. Fibroma, myxoma, lipoma, myoma, aden- 
oma, adeno-carcinoma, angioma (Kettner), and actinomycoma (Marcus, 
Favero) have all been found in the wall of the intestine. Congenital 
cysts have been found in the rectum. Lymph-adenosis may also 
occur, and by causing increased thickness and rigidity of the intestinal 
wall may give rise to stenosis. In a case of Cadéac’s stenosis was 
caused by congenital valvular formation in the rectum. 

Enteroliths, food and hair balls, conglobations and foreign bodies are other 
causes of stenosis. In a case observed by Guénon in a horse a hard 
pedunculated tumour was found consisting of a stone the size of a nut, 
connected with a Lieberkiihn’s gland by a pedicle of mucous membrane. 

Circumscribed dilatations of the intestinal wall (diverticula) are either 
congenital, such as in the case of Meckel’s diverticulum in the ileum, or 
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are produced by balls of sand, feeces or stones, and may cause pressure on 
or kinking of the intestine with which they are connected. In horses 
these are usually found in the terminal part of the ileum, the large intestine 
or the small colon. Joest found two true diverticula close together in 
the small colon of a horse which suffered from repeated attacks of colic. 
In a case of Neuerschwander’s a diverticulum of the cecum was found 
adhering to the testicle in the inguinal canal, and was cut during castration, 
leaving an intestinal fistula. Mantsch found a diverticulum of the small 
colon caused by the traction of the haematoma in the intestinal wall. 

Stenosis of the intestine is sometimes due to compression, which may 
be caused by an abscess in the mesentery of pararectal tissue, or in the 
inguinal lymphatic glands, by tumours or enlargement of the abdominal 
organs (pregnant uterus, over-filled rumen, enlarged ovary or prostate, 
enlarged spleen resulting from hemorrhage, and in birds hyperplasia 
and exudation into the bursa of Fabricius). In a case of Hen- 
drickx’s, compression of the intestine resulted from displacement of a 
partially ossified cryptorchid testicle which eventually ruptured into the 
intestine. Englert and Marek observed in a pig compression of the rectum 
due to rickety deformity of the pelvis. Fleischhauer reported a case of 
rectal compression in a mare due to a hematoma, formed during parturi- 
tion, between the lesser colon and the lateral ligament of the uterus. Petit 
and Houdemer had a similar case in a mare due to a subperitoneal tera- 
toma. According to Stalfors, a condition resembling intestinal stenosis 
may be caused in cattle by wounds of the rectum due to the careless 
use of enemata, etc. 

Internal hernia causes intestinal stenosis, which in most cases ends in 
complete incarceration. 

Parasites, such as ascarides, gastrophilus larve and coiled-up tenie, 
are exceptional causes of stenosis. 

Pathogenesis. Under the above-mentioned conditions the lumen 
of the intestine is usually constricted quite gradually, while a temporary 
or permanent stenosis arising from causes such as the presence of a diver- 
ticulum, internal rupture, or the pressure of a distended rumen is excep; 
tional. ‘The smaller the diameter of the lumen and the denser the contents 
of the affected part of the intestine under physiological conditions, and the 
more abundant and desiccated the condition of the ingested fodder in 
the case of already present‘stenosis, the sooner, more frequently, and more | 
completely is the propulsion of the contents impeded. The accumulated 
contents on the proximial side of the obstruction give rise to periodical 
attacks of colic caused by spasmodic muscular contractions, during which 
the contents are propelled according to the degree of stenosis and the 
consistence of the feces, after which the symptoms of colic subside. In 
course of time, however, the increased muscular activity is followed by 
hypertrophy of the muscular coat of the intestine, and this again may result 
in dilatation. ‘The nearer the site of stenosis is to the stomach the earlier 
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do symptoms of colic appear after ingestion of food, and the more likely 
is chronic dilatation of the stomach to develop. On the other hand, in 
stenosis of the large intestine colicky symptoms occur independently of 
the ingestion of food, and in stenosis of the rectum they occur especially 
before defecation. On the distal side of the stenosis peristaltic action is 
diminished owing to the lesser quantity of intestinal contents. Decom- 
position of the accumulated contents on the proximal side of the stenosis 
often gives rise to chronic intestinal catarrh, which has an unfavourable 
effect on nutrition. Stenosis may eventually terminate in complete 
intestinal occlusion. 

Symptoms. In horses and cattle the clinical picture corresponds with 
that of fecal impaction (pp. 182, 193). Attacks of colic lasting from a few 
hours to several days occur at various intervals (habitual, recurrent, or 
periodic colic) and there is also incomplete retention of feeces. In stenosis 
of the small intestine these attacks always occur shortly after the ingestion 
of food and are often associated with dilatation of the stomach. In stenosis 
of the rectum the animal becomes restless before defecation. In cattle, in 
addition to retention of feeces there is sometimes periodically recurring 
atony. of the stomach or overfilling of the rumen. 

During the attacks of colic the pulse, respiration and’ temperature 
usually remain unaltered, except in cases complicated by dilatation 
of the stomach, enteritis or peritonitis, or when the underlying cause 
(abscess, peritonitis) leads to fever. 

In the intervals between the attacks the animal may appear perfectly 
normal (when there is only a moderate degree of stenosis of the small 
intestine), or there may be incomplete retention of faces, which are 
evacuated in scanty, dry balls, or in cases with secondary intestinal 
catarrh the evacuation of soft and foul-smelling feces. 

In stenosis of the rectum rectal examination shows the presence of an 
obstruction, either near the anus or further up the rectum, which does not 
yield to injections of lukewarm water or to the pressure of the finger. 
This distinguishes it from temporary constriction due to spasmodic con- 
traction of the musculature. If the finger tip is inserted through the 
constriction desiccated feeces can be felt, and in some cases dilatation and 
kinking of the intestine. In wounds of the rectum, which in cattle are 
sometimes felt as a slight induration with a small opening, pain is caused 
by palpation and there may be traces of blood on the examining finger. 
If the stenosis is situated in the small colon it can be felt when the arm is — 
introduced deeply into the rectum. By this means stenosis of the posterior 
part of the colon, the upper half of the cecum and the terminal part 
of the ileum, and also of the loops of intestine lying below the kidneys, can 
be felt, and also, in medium-sized horses, stenosis of the right dorsal colon. 
In this way rectal examination reveals constriction of the lumen of the 
gut and sometimes the presence of adhesions with adjacent organs. A 
large foreign body situated within the intestine or in its neighbourhood 
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can sometimes be felt, and usually masses of hard feces. In cattle rectal 
examination determines the presence of stenosis of the rectum, cecum, 
part of the colon and portions of the small intestine. 

The presence of a non-incarcerated diaphragmatic hernia may be suspected 
when loud intestinal sounds, varying in intensity and pitch, are heard at 
short intervals in the posterior part of the thorax; also from signs of severe 
dyspnoea in walking downhill or assuming certain positions. In horses 
asthmatic symptoms may be exhibited. 

In seine and carnivora the symptoms consist in gradually increasing 
retention of feeces and the evacuation of fluid feeces containing membranous 
shreds and small fecal lumps. An intestinal constriction in the pelvis due 
to a tumour, an enlarged prostate gland or uterus or scar tissue can be 
detected by rectal palpation of the abdomen. Also, the presence of a 
foreign body in other parts of the intestine, the mesentery or the abdominal 
cavity, and occasionally adhesions of the intestines, forming pockets, and 
also enlargement of other abdominal organs, can be detected in the same 
way. In a pig with cicatricial stenosis of the small intestine, Raschke 
observed extreme emaciation and dropsy. 

Course. Intestinal stenosis for some time gives rise to no disturbance 
of health. After a time in larger animals, and especially in horses, attacks 
of colic are observed occurring at first at long intervals, sometimes of 1 or 
2 years, but becoming more frequent as the stenosis progresses. The 
intervals depend to some extent on the quantity and nature of the fodder, 
and also on the amount of work performed by the animals. As the attacks 
become more frequent defecation becomes increasingly difficult, till 
finally there is complete retention of feces, which may eventually induce 
a fatal termination from enteritis, peritonitis, rupture of the intestine, in- 
testinal displacement or exhaustion. In some cases the animal dies from 
rupture of the stomach or intestine during the first attack of colic. Spon- 
taneous cure sometimes occurs, as in Pante’s case, after the rupture of an 
abscess situated along the cecum into the lumen of the viscus. It occurs 
more often in stenosis due to wounds of the rectum. 

Diagnosis. The diagnosis of intestinal stenosis depends on the 
results of rectal exploration and rectal. palpation of the abdomen, 
although a presumptive diagnosis 1 is possible from the history, the estab- 
lishment of a predisposing primary affection, the occurrence of retention 
of feces at increasingly shorter intervals, the appearance of attacks of 
colic especially after the ingestion of dry food, the usual absence of severe 
general symptoms, and in small animals gradually increasing obstinate 
retention of feces. A definite diagnosis from other forms of feecal impac- 
tion or from thrombosis of the intestinal vessels is not always possible. 

Treatment. In the majority of cases the treatment is the same as 
for fecal impaction (vide supra). In stenosis of the intestine due to non- 
incarcerated hernia or to a very large foreign body drastic purgatives 
must be avoided, as they may cause incarceration of the hernia or complete 
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occlusion of the intestine. In stenosis of the rectum local treatment 
combined with mild laxatives may be sufficient. In the case of secondary 
dilatation of the stomach gastric lavage should be performed. 

If the above-mentioned methods are unsuccessful, and in the case of 
stenosis of special origin, operative interference may be necessary. Pedun- 
culated tumours can be removed by crushing or by ligature; sessile tumours 
arising from the deeper layers of the mucous membrane or from the para- 
rectal connective tissue may be treated by excision (Dornis removed a 
fibro-sarcoma weighing 4,450 grammes from the rectum of a horse) or by 
the injection of an absorbent preparation into the substance of the tumour. 
Leicht observed the disappearance of a tumour the size of a man’s fist and 
situated 24cm. anterior to the anus after a single injection of 6 c.c. of 6 
per cent. iodine-vaseline. Periproctal abscess should be opened and 
treated in the usual way. Douville treated a cyst in the rectum of a horse 
by puncture and injection of Lugol’s iodine solution. Certain forms of 
_ stenosis situated directly in front of the pelvis can be treated through the 
rectum by breaking down adhesive bands and displacing enlarged organs. 
A moderate degree of stenosis caused by wounds of the rectum can, it is 
claimed, be relieved by the application of warm, copious mucilaginous 
enemata. 

In suitable cases laparotomy is indicated (if necessary followed by 
enterotomy), especially in cases of stenosis caused by constricting bands 
(Plosz and Marek). For further information on operational techniques 
the reader is referred to the standard textbooks on Veterinary Surgery. 

By regulation of the diet (green food, bran mash, flour gruel, milk 
and molasses) complications can be reduced in severity and an unfavour- 
able termination postponed. 


24. Occlusion of the Mesenteric Arteries (Thrombosis et 
Embolia Arteriarum Mesenterialum) 


(Thrombo-embolic colic) 


Thrombosis of the mesenteric arteries is usually the result of inflamma- 
tion of the arterial wall caused by the larve of Strongylus equinus. It occurs 
only in horses, and in some cases gives rise to repeated attacks of colic. 

Occurrence. According to Bollinger’s investigations and the results 
of general experience from go to 94 per cent. of horses (excluding young 
foals) are affected with aneurysms of verminous origin. However, 
Bollinger’s assumption that half the fatal cases of colic are due to thrombosis 
or aneurysm, and that these account for all cases of sudden colic appearing 
without apparent cause, must be regarded as speculative. In Stietenroth’s 
opinion 80 per cent. of cases of colic are due to infection by strongylus — 


larve, but this cannot be accepted. More recent observations show 
VOL. I.->- 14 
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that this affection also occurs in young foals after the third month of life 
(Glage and Folmer found it in 42°85 per cent.). Poeppel found in a 10-day- 
old foal an aneurysm the size of a pigeon’s egg in the anterior mesenteric 
artery, with strongylus larve in the thrombus. 

At the Dresden clinic thrombotic infarction of the intestinal wall was found in 9°5 per cent. 
of horses affected with colic. At the Berlin clinic this affection was found in 3 per cent., according 
to Pilwat in 5:8 per cent., and in horses of the Prussian army in 5'5 per cent. of deaths. In the 
Budapest clinic, however, it was found in only 0-91 per cent. of fatal cases. At the Vienna clinic 
Wirth estimated that 2-1 per cent. of deaths were due to this cause, and Wall considered that 
thrombo-embolism of the intestine was a rare condition. It appears that the frequency of 
mesenteric thrombosis varies to a considerable extent in different regions and in different years. 

An approximately correct estimation of the clinical importance of thrombosis of the mesenteric 
artery in adult horses can be made from the reports of the Prussian army, which show that out 
of 10,000 horses only three deaths occurred yearly from thrombo-embolic colic. If the number 
of non-fatal cases is taken at the high figure of six times this number it gives 18 for every 10,000 
horses, or 1°8 per 1,000 horses affected with thrombotic colic, in spite of the fact that from go to 
94 per cent. of adult horses are infected. 


‘Etiology. According to the investigations of Sticker and Stier, 
thrombosis of the mesenteric arteries in horses is caused by the migrating 
larve of Strongylus vulgaris (Sclerostomum vulgare, S. bidentatum), which are 
ingested with the drinking water or by gnawing the stable wall or other 
objects contaminated by feces, and also from swampy pastures. (For 
further details and the development of intestinal strongyli see chapter on 
palisade worms in the intestine.) 

In horses and also in other animals emboli are occasionally found in 
the mesenteric arteries in connection with valvular disease of the heart, 
endocarditis, thrombosis and aneurysm of the thoracic aorta. A throm- 
bus from the abdominal aorta may also be directly conveyed to the 
mesenteric artery. In a case of the author’s, ulcerative endocarditis 
in a dog led to embolism of the arteries of the small intestine and 
hemorrhagic infarction. Koch and Leibenger have each reported a 
case of aneurysm of the anterior and posterior mesenteric arteries in 
a pig, and a similar case was observed by Bosshart in an ox. 

Pathogenesis. The early processes which take place in the wall 
of the artery are not yet clearly explained. It was formerly believed that 
the larve migrated from the wall of the intestine and eventually reached 
the branches of the mesenteric artery by way of the liver, right ventricle 
of the heart, lungs and aorta, and became lodged in the intima of the 
vessel, where they set up inflammatory changes resulting in thrombosis. 
According to Schiitz and Sticker, however, the larve conveyed by the 
aortic blood remain in the vasa vasorum of the mesenteric artery, giving 
rise to infarction in the tunica media and to meso-arteritis with only 
a slight degree of thrombus formation, and later penetrate to the interior 
of the vessel and cause endarteritis, with more extensive thrombosis and 
softening of the wall of the vessel. A somewhat different mode of migration 
is described by Kikuchi in which the larve reach the intima of the vessel 
through the arterial circulation and at certain places undergo further 
development, giving rise to primary thrombosis by their filiform projec- 
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tions, the irritant action of which leads to chronic inflammation of the 
vessel. In distinction to this view Hobmaier maintains that the larve 
migrate from the wall of the cecum into the mesenteric vein, and when they 
reach the next valve penetrate the vein and enter the mesenteric connective 
tissue, from which they find their way into the vasa vasorum of the mesen- 
teric artery and eventually penetrate into its lumen. 

These changes usually take place in the anterior mesenteric or ileo- 
ceco-colic arteries, more rarely in their branches. They are also sometimes 
found in the posterior mesenteric and coeliac arteries. 

The thrombus causes a narrowing of the lumen of the artery, unless 

during its formation it has caused an equal expansion of the arterial 
wall. Under these conditions, as the thrombus increases in size the 
lumen of the artery becomes occluded, at least to a great extent. A 
further possibility arises in the simultaneous thrombosis of two or more 
anastomosing arteries, in which case even a lesser degree of stenosis may 
be dangerous. In this way it is often observed that in the presence of a 
non-occluding thrombus of the ileo-ceco-colic or of the ventral colic artery 
the circulation is maintained through the last branch of the unaffected 
dorsal colic artery, but if there is simultaneous occlusion of the latter vessel 
local circulatory disturbances are inevitable. Sometimes occlusion of 
an arterial branch occurs through the gradual extension of a thrombus 
situated in the main trunk. For instance, a thrombus in the ileo-ceco- 
colic artery may extend to the opening of the ventral colic artery, one of 
the cecal arteries, or the ramus iliacus. If a thrombus in the ileo-ceco- 
colic artery extends centrally it may reach the dorsal colic artery or one 
of the jejunal arteries, when its free end may exert a valvular action 
in the arterial opening. 
_ Thrombosis of the mesenteric arteries may also cause occlusion of their 
smaller branches by emboli. As, however, such enrboli are not usually 
of large size, and consequently affect small arterial branches only, they 
seldom give rise to circulatory disturbances of any great importance. 
Occasionally emboli arising from other organs or from the aorta may reach 
the branches of the mesenteric arteries. 

The effect of thrombosis of the mesenteric arteries on the circulation 
of the blood in the intestine depends chiefly on the size and number of 
occluded bloodvessels and the presence of anastomosis with other vessels; 
also on the situation, degree and duration of development of the vascular 
occlusion. 

The anterior mesenteric artery (Fig. 22) supplies the whole of the intestine with the exception of 
the anterior portion of the duodenum, which is supplied by the celiac artery, and the middle and 
posterior third of the small colon, which are supplied by the posterior mesenteric artery. ‘The 
anterior mesenteric artery, which is only a few centimetres long, gives off in front and some- 
what to the left the dorsal colic artery, which supplies the upper portions of the colon, and the 
middle colic artery, which supplies the anterior third of the small colon. These two arteries 
usually arise from a common trunk. Further back and to the left arise the 17 to 20 arterie 
jJgunales, which supply the small intestine. The main trunk, now 2 to 4 cm. long, forms the 


arterta ileo-ca@co-colica, which gives off the arterie colica ventralis, which supplies the lower portion 
of the colon; the remaining part, the arteria ileo-cecalis, divides inte the arteria cecalis medialis 
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and lateralis and the ramus iliacus, which supply the cecum and ileum. The arteria cecalis 
lateralis gives off a branch to the lateral wall of the right inferior portion of the colon (arteria 


colica lateralis of Franck). 
In the region of the duodenum the anterior intestinal arteries (jejunal) anastomose with the 


arteria pancreatico-duodenalis, and consequently with the arteria celiaca. ‘The different arteries of 
the small intestine communicate with one another and their posterior branches with the ramus 
iliacus by arch-shaped anastomoses. ‘The arteria colica ventralis and the R. iliacus are connected 
with the arteries of the cecum, and these again with each other by numerous anastomoses. 
The arteria colica dorsalis is continued directly into the arteria colica ventralis and forms the largest 
anastomosis of the animal body. ‘The arteria colica ventralis also anastomoses with the arteria 
colica lateralis. As there are now, on the one hand, anastomoses between the dorsal and median 
colic arteries as well as between these and the anterior branch of the posterior mesenteric artery, 
and, on the other hand, between all the branches of the last-named arteries, it can be easily 
understood that, in spite of occlusion of the vascular area of the anterior mesenteric artery, 
an abundant supply of blood can be maintained both from the cceliac artery and from the 
posterior mesenteric artery, and also in the branches of the anterior and posterior mesenteric 
arteries through the extensive anastomoses. Of special importance also are the abundant 
anastomoses between the intestinal branches arising either from the arterial arches or from the 
main trunks, and between the arterial branches situated in the mesentery. 


Occlusion of the mesenteric arteries gives rise to circulatory disturb- 
ance in the intestine only when there is a marked fall of blood pressure, 
and consequently a decrease in the rate of circulation in the intestine. 
According to Marek’s observations in animals, when the anastomoses 
remain open, complete and sudden closure of an anastomotic arch 
(Fig. 22) in the mesentery of the small intestine or small colon, or of 
one of the arterial branches from the arteries of the colon or cecum, 
gives rise to no appreciable circulatory disturbance. Equally harmless 
is occlusion of one or two anastomotic arches arising from the arteries 
of the small intestine, or of an artery of the colon or cecum at any 
point in the periphery. 

Circulatory disturbance in the intestine arises under all conditions 
in which there is a sudden obstruction in the region of at least three neigh- 
bouring anastomotic arches from the arteries of the small intestine or small 
colon, after occlusion of at least one colic or cecal artery near its point 
of origin or at two separate places simultaneously (as in embolism), also 
after complete occlusion of the anterior mesenteric artery or the ileo- 
ceco-colic artery, and lastly in all cases with simultaneous occlusion of 
any artery and its principal anastomoses. A gradual diminution in the 
lumen of an artery does not give rise to severe disturbances, because under 
such conditions the anastomotic vessels have time to dilate. However, 
in such cases thrombosis of the main stem of the anterior mesenteric or 
the ileo-ceco-colic. arteries, or of both colic or cecal arteries near their 
origin, and also the occlusion of several neighbouring arteries of the small 
intestine, are inevitably followed by chronic disturbance of the circulation 
in the respective part of the intestine. 

According to the results of Marek’s experiments, a fall of blood pressure 
in the obstructed region lowers the rate of circulation by reducing the 
difference in pressure between the arterial and venous systems. The 
consequent interference with the emptying of the arteries and capillaries 
leads to arterial anemia, and the slowing down of the blood stream causes 
a rapid accumulation of carbonic acid in the blood and also in the tissues 
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of the affected area. The immediate result of this is an asphyxial 
disturbance of the nutrition of the capillary walls; because of this they 
allow transudation of the blood elements and at the same time lose their 
tonicity. Capillaries so affected become ‘overfilled with blood from the 


Fic, 22.—MEsENTERIC ARTERIES OF A HORSE. 


The vascular anastomoses are inserted from a preparation by Teichmann. 


collateral circulation, and in this way cause reddening of the previously 
anemic mucous membrane. 

According to the degree of lowering of the blood pressure there are 
two forms of circulatory disturbance to be distinguished, between which, 
however, there are gradual transitions. In the milder form, in which the 
extent of the obstructed area is small in comparison with the total transverse 
section of the unaffected arteries and anastomoses supplying blood to the 
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affected area, the decrease in the rate of circulation is not very marked 
and the extravasation of blood elements in the tissues of the intestinal 
mucous membrane is slight, and there are no obvious nutritional changes 
to be observed. Through the gradual dilatation of the afferent collateral 
vessels sufficient blood reaches the affected area to restore the blood 
pressure and rate of circulation to nearly normal; the blood elements 
cease to be extravasated and become absorbed, and the circulatory 
disturbance is restored to approximately normal conditions in a few 
hours. 

The more severe form is characterised by severe nutritive disturbances 
of the whole intestinal wall, especially affecting the capillaries and mucous 
membrane. Because of the considerable retardation of the circulation in 
the affected area the permeability of the capillary walls rapidly increases 
and the blood elements from the collateral vessels become extravasated in 
continually increasing quantities, first of all in: the mucous membrane, 
afterwards in the other layers of the intestine, and finally into the lumen and 
also into the abdominal cavity. ‘There is no back pressure of the venous 
blood, because the venous pressure in the affected area is always greater 
than the arterial. In this way, under the influence of the retarded 
circulation, sero-hemorrhagic infiltration (hemorrhagic infarction) 1s 
developed in the intestinal wall. Also, owing to the insufficient blood 
supply and the injurious effects of the intestinal contents, necrosis takes 
place in the intestinal villi. In the mucous membrane this may occur 
within 2 hours, and in the other layers of the intestine after 34. hours. 

Circulatory compensation in the severe form is rare and in any case 
takes a much longer time to develop. The limit of possibility for com- 
pensation after sudden occlusion is represented by the occlusion of arteries 
of the small intestine with at least five anastomosing arches, and by occlu- 
sion of an artery of the colon or cecum near its origin, provided their 
afferent anastomosing vessels are intact. ‘The probability of compensatory 
circulation naturally depends upon the size of the area affected and on 
the number and size of its anastomosing arteries, and also depends upon 
- whether any of these are occluded or constricted. 


Complete exclusion of the arterial blood supply causes anemic necrosis of the intestinal wall. 
This is due to the fact that, in the interval between the emptying of the arteries and their capillary 
areas and the establishment of equilibrium between the capillary and venous pressure, the cir- 
culation in the almost empty capillaries is entirely arrested and the venous congestion is not 
sufficient to maintain the pressure equilibrium. In normal conditions the occlusion of one or 
more mesenteric arteries rarely occurs (Casper, however, reported a case in the area of the 
posterior mesenteric artery, and Puel in a portion of the small intestine 45 cm. in length). In 
such cases hemorrhagic infarction occurs at both ends of the anemic portion of the intestine, 
because under natural conditions the smaller collateral vessels remain permeable and allow a 
sufficient amount of blood to pass through to cause infarction in these sites, while the middle 
part receives no blood at all. 


Functional disturbances of the Intestine occur only in cases with 
temporary or permanent interference with the circulation in the 
vessels supplying the different parts of the intestine. The deficiency 
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of arterial blood causes an excess of carbonic acid in the blood and also 
in the tissue of the intestinal wall, which has a stimulating effect on the 
musculature. This leads to spasmodic contractions of the intestinal 
muscles and irritation of the nerve endings in the wall of the intestine 
and mesentery and produces symptoms of colic. In persistent anemia 
of the affected part of the intestine the peristaltic movements, which were 
at first active, after 1 or 2 hours become entirely suppressed, owing to the 
increase of nutritional disturbance in the whole of the intestinal tissues. 

In cases of hemorrhagic infarction the tissues of the intestinal wall 
retain a certain amount of oxygen and nutriment supplied by the col- 
lateral vessels, because of which the muscular coat retains its contractility 
either temporarily or permanently. Under the influence of increasing 
stimulation due to the accumulation of carbonic acid it will undergo 
spasmodic contractions. If there is persistent and pronounced lowering 
of the blood pressure, however, peristaltic action ceases, owing partly 
to the nutritive disturbance of the tissues and the mechanical interference 
with muscular contraction caused by sero-hemorrhagic infiltration of 
the tissues, but chiefly as the result of over-distension of the intestine with . 
gases produced by fermentation and putrefaction. In the horse, fermenta- 
tion of the intestinal contents and hemorrhagic effusion into the intestine 
lead to proliferation of bacteria and cessation of absorption in the area 
affected by hemorrhagic infarction. In this way a condition of local meteor- 
ism is developed, as the intestinal contractions, which occur at several 
places irregularly, are incapable of propelling the intestinal contents and 
often cease entirely in 1 or 2 hours. At the same time the peristaltic 
action ceases in the distal portion of the intestine, and eventually also in 
the portion proximal to the affected part, owing to gradual over-filling 
and distension of the gut. 

In the milder form of circulatory disturbance the conditions leading 
to gas formation are absent and intestinal movements are not suppressed, 
but continue their normal peristaltic action when the circulatory dis- 
turbance is compensated. 

In the severe form the injured or necrotic intestinal wall allows the 
free passage of intestinal bacteria, which give rise to serous effusion in 
the abdominal cavity and circumscribed or general peritonitis. Bacteria 
and their toxins are also absorbed, and lead to general infection and bac- 
terial toxemia, causing general symptoms and sometimes distension of 
extensive portions of the intestine. 

The conditions described offer a sufficient explanation of the fact that 
thrombosis of the mesenteric arteries often gives rise to no definite func- 
tional disturbance of the intestine. 

Anatomical Changes. Apart from complications such as enteritis 
and intestinal obstruction, it is only cases of severe and extensive circu- 
latory disturbances in the intestine which have a fatal termination. In 
these cases the seat of the lesion is usually in the colon, more rarely in the. 
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cecum, or in both cecum and colon, sometimes in the small intestine, 
but rarely in the small colon. The mucous membrane, and often the 
serosa, are dark red and the mucous membrane shows cedematous swellings. 
The submucosa and the corresponding mesentery are infiltrated with 
reddish-yellow serum and sometimes considerably thickened. These 
changes usually cease abruptly towards the proximal and distal sides of 
the affected area. In the affected portion of the intestine and also for 
some distance towards the anus the intestinal contents are generally blood- 
stained or tarry, sometimes of normal colour, but always more fluid in 
consistence. ‘The surface of the mucous membrane is covered with bran- 
like desquamation of epithelial cells or masses of fibrin, and in severe cases 
there is necrosis extending to the serosa. Occasionally, anemic necrosis 
is found, with yellow or greenish discoloration of a section of the intestine. 
In a case of Casper’s this affected the small colon, in a case of Puel’s the 
small intestine, and in Marek’s case the pelvic flexure of the colon. The 
abdominal cavity usually contains a yellow or reddish serous fluid and 
sometimes fibrinous exudation. Sometimes a rupture is found in the 
stomach or intestine. 

The thrombus may be situated in the main trunk of the anterior mesen- 
teric artery, or more often in the ileo-ceco-colic artery, more rarely in one 
of the arteries of the colon or jejunum, and only seldom in the posterior mes- 
enteric artery. Emboli may also be found in the branches of these arteries 
by examining the mesentery or intestinal wall by palpation or by trans- 
mitted light, when they can be seen as nodules the size of a millet seed or 
pea. The blood clot may be fresh, soft and elastic, or dry, hard and adherent 
to the intima. In some cases an embolus is suppurative because of in- 
fection by pyogenic organisms. Occasionally a row of several emboli are 
found in the same vessel. It sometimes happens that a thrombus formed 
during life is not discovered on post-mortem examination, because its 
movable end has been removed from the occluded opening by careless 
section of the vessel. The thrombosed vessel shows chronic arteritis and 
usually aneurysmal dilatation. ‘The larve of strongylus are usually found 
in the thrombus, often to the number of 100 to 300, especially in young 
animals. In older horses they are few or absent. 

Symptoms. These appear suddenly, without any obvious cause, 
while the animal is feeding, at rest or at work, in the form of severe attacks 
of colic occurring at various intervals and of different degrees of intensity, 
and manifested by great restlessness. 

In the mild form an increase in intensity of the intestinal sounds 1s 
noticed in certain regions of the abdomen. ‘There is also increased fre- 
quency of defecation, in which the feeces may be normal or softer than 
usual. Rectal examination reveals a pulsating swelling or palpable thrill 
in the anterior mesenteric artery or one of its larger branches, while the 
intestine and other abdominal organs appear normal. The pulse and 
respiration remain unchanged, and the sensorium is unaffected in the 
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intervals between the attacks. The restlessness usually subsides during 
the first day and recovery soon takes place. 

In the severe form the symptoms of restlessness are accompanied by the 
adoption of unnatural positions owing to secondary meteorism, and the 
circumference of the abdomen is increased. The intestinal sounds, at 
first loud, become suppressed after a few hours, and in acute cases in 
1 or 2 hours. At the same time there is complete retention of faeces and 
intestinal gases, often preceded by the evacuation of soft but rarely 
heemorrhagic feces (in over 200 cases, enterorrhagia was observed in only 4). 

Rectal examination shows the presence of 


an elastic, painless dilatation of some portion of ee eee 
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meteorism of a loop of the small intestine the 
dilated portion forms an elastic sausage-shaped = eet Lo eee es 
body the thickness of an arm. Meteorism of PutsE AND RESPIRATION 
the small colon produces a similarly shaped ee ee os 
body, but this has only one palpable longi- 

tudinal band on its upper convex surface. The mesenteric arteries are in 
the same condition as in the mild form. 

The pulse becomes weaker within 1 or 2 hours after the onset of the 
affection. At the same time the respiration becomes rapid and laboured. 
The temperature rises when there occur complications, such as peritonitis, 
enteritis, sepsis (Figs. 23, 24). After further acceleration of the pulse and 
respiration muscular tremors occur and soon afterwards death. 

In cases of a severe type running a protracted course the circulatory 
disturbance continues for several days, but is of a less severe degree, and 
consequently the absorption of intestinal gases is less reduced and there 
is only a scanty transudation of fluid into the intestine and abdominal 
cavity. The nutrition of the intestinal tissue is less affected, and complete 
intestinal paralysis and peritonitis do not occur. In these cases symptoms 


blood-stained and_ offensive. 


Rectal examination reveals only moderate meteorism in the intestine, 
The pulse, respiration and temperature 


are sometimes 
show only moderate deviations from normal (Fig. 23), and the pulse 


faeces 
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for some time remain active, later become less frequent, but are never 
be 


ing abdominal enlargement, are observed. The intestinal sounds, which 
completely suppressed, and small quantities of faeces and gases are 


of colic, and occasionally the adoption of unnatural postures with increas- 


and later retention of feces. 
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CurvEs IN THROMBOsIS OF MESENTERIC 
PROTRACTED Course). 
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‘TERMINATION 
In exceptional cases its course may be protracted 


ARTERY WITH FATAL 
Course. The mild form runs a course of from a quarter of an hour 


to several hours, never longer than a day. The severe form usually lasts 
for 1 or 2 days, seldom more than 2 days, and is generally fatal, some- 


times in a few hours. 


Fic. 24.—TEMPERATURE, PULSE AND RESPIRATION 
and respiration rate may even fall before death. The duration extends 


over several days, occasionally more than a week (in a number of 
The termination is usually fatal as the result of complications, includ- 


ing enteritis, sepsis, peritonitis, secondary dilatation of the stomach or 


recorded cases the duration extended over 16 to 22 days) (Fig. 24). 
rupture of the intestine. 
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for 2 or 3 weeks, when the attacks of colic are less severe and occur at 
longer intervals. On the other hand, cases sometimes occur in which the 
attacks are mild and occur at short intervals (habitual, periodic or re- 
current colic), and may give the impression of a single protracted attack. 
In cases terminating in recovery there is always a possibility of recurrence. 
Diagnosis. ‘The history of similar previous attacks and the absence 
of any external cause should always suggest the probability of thrombosis 
of the mesenteric artery, when other causes which may produce colic 
can be excluded. The mild form of the affection is indicated by restless- 
ness, reduced peristaltic action in definite regions of the abdomen, and the 
absence of retention of feces and general symptoms. The severe form, 
on the other hand, is indicated by the gradual disappearance of intestinal 
sounds, the occurrence of retention of feeces and of meteorism, which may 
He clopa in 1 to 3 hours, and by the appearance of pronounced general 
symptoms. Exploratory puncture eo ; 
of the abdominal cavity in most ce 
cases shows the presence of sero- 
hemorrhagic fluid (Fig. 25). Punc- 
ture of the intestine sometimes re- 
sults in the ,evacuation of hemor- 
rhagic fluid through the cannula, 
and in some cases the faeces contain 
blood. A protracted course of the 
affection may be suspected when 
the general symptoms are only of 
moderate severity, and a careful 


examination, including rectal ex- Fic. 25.—SEpDIMENT FROM INTRA-ABDOMINAL 


1 : FLurip IN ‘THROMBOSIS O 
ploration, fails to reveal any other oRER S OF MESENTERIC 


intestinal affection (stenosis, obstipa- GN 0, ced blood conpucelas 
tion and certain forms of intestinal 

obstruction). The presence of a palpable aneurysm of the mesenteric 
artery is not diagnostic, as this can be found in nearly all horses. 

Mild cases may be mistaken for acute intestinal catarrh or for so-called 
spasmodic colic; but the occurrence of restlessness after errors in diet 
or exposure to cold, the usually intense intestinal sounds, the soft and 
offensive condition of the feces, and the presence of undigested particles 
of food all point to a catarrhal origin. Severe cases can sometimes be dis- 
tinguished from torsion, volvulus or incarceration of the intestine by rectal 
exploration, and also by the greater severity and persistence of the general 
symptoms and the early occurrence of complete retention of feces and 
intestinal gases which characterise these conditions. Primary meteorism 
develops after the ingestion of easily fermentable food and is manifested 
from the first by distension of the whole of the intestine. 

Treatment. The establishment of collateral circulation may be 
promoted by keeping the animals on the move and by subcutaneous 
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injections of caffein. In some cases intravenous infusions of physiological 
saline solution are beneficial. As, however, in these conditions accelera- 
tion of the circulation may give rise to the detachment of recent portions 
of the thrombus, and in mild cases the collateral circulation is soon estab- 
lished, this treatment should be reserved for severe cases in which the 
production of fresh emboli is a lesser evil than the condition of circulatory 
disturbance. Sedatives such as morphine, chloral hydrate or atropine 
appear to be indicated in all cases. In the mild type any other form of 
treatment should be avoided, but in the severe form puncture of the 
intestine may be advisable. Purgatives are useless, and may even be 
injurious, but mild laxatives may be given after improvement has 
begun. 

Prophylaxis. This is identical with the prophylaxis against infection 
with strongylid worms (see p. 338). 


Thrombosis of the Coeliac Artery. ‘This is rare and only occasionally causes any dis- 
turbance of health. Friedberger reported a case in a horse in which there were symptoms of 
colic with tonic spasm appearing whenever the animal moved. Post-mortem examination 
showed reddish-brown discoloration of the mucous membrane of the stomach, old hemor- 
rhages in the pyloric region and first part of the duodenum, and congestion of the blood- 
vessels. 

Thrombosis of the Mesenteric Veins. ‘Thrombosis of the portal vein or its branches 
is often found in cattle, and is due to pressure from tuberculous growths* or injury from 
foreign bodies. In horses thrombosis has been found in the portal vein, in both veins of 
the colon, in the anterior mesenteric vein, in compression of the portal vein by a car- 
cinoma of the stomach, and through abscess of the right kidney (Prévot). In a dog 
observed by Marek the mesenteric veins were compressed by a tumour, and Kitt found 
thrombosis of the mesenteric veins in inflammatory and ulcerative affections of the intestinal 
mucous membrane. 

Symptoms occur only in occlusion of the larger venous trunks, because the elasticity of the 
veins is much more favourable for the establishment of collateral circulation. In horses and 
cattle colicky symptoms have been observed (lasting 3 weeks in a case of Siedamgrotzky) and in 
cattle severe digestive disturbances. In a dog hemorrhagic diarrhoea has been reported. 


25. Internal Strangulation of the Intestine (Incarceration) 


Internal strangulation of the intestine consists in a rapidly developing 
occlusion of the intestinal lumen by pressure from a body situated outside it, 
and consequent blood stasis in the part affected. 

Occurrence. ‘This condition is found most frequently in horses, in 
which it accounts for 1 to 1-5 per cent. of cases of colic. In cattle and 
other domestic animals it is less common, apart from strangulation by the 
spermatic cord which occurs in onstrated bulls in certain regions, and 
which, according to Petersen, varies with the season and is more common 
in spring. 

‘Etiology. The intestine may become strangulated by internal 
bands in the abdominal cavity. The causal factors of intestinal 
strangulation also include congenital diverticula of the ileum (Meckel’s 
diverticulum), occasionally also acquired diverticula, the pedicle of an 
enlarged ovary, the ligament between the kidney and spleen, the falci- 
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form ligament of the liver, a persistent urachus, the small omentum, 
the obliterated umbilical artery (Vaeth, Jéhnk), the pubo-vesico- 
umbilical ligament. Other occasional causes of strangulation are 
pedunculated tumours (usually lipoma) in the abdominal wall, 
mesentery or one of the abdominal organs, occasionally a pedunculated 
lobe of the liver. In- horses strangulation may be caused by the 
stump of the spermatic cord which has slipped back into the abdominal 
cavity, or by the spermatic cord of an undescended testicle, by the 
large omentum after adhesion to the abdominal wall or after it has 
become stretched into a cord, by the anterior mesentery (in Dupuy’s 
and Prince’s cases the cecum was strangulated), and by connective tissue 
bands connected with various abdominal organs. In a dog strangulation 
of the duodenum was found to be caused by Cysticercus tenuicollis 
(Spathe). : 
3 Intestinal strangulation may also be caused by a part of the intestine 
slipping through congenital or acquired openings in the omentum or 
mesentery (in Weidemann’s case, in a mare, this occurred after parturi- 
tion); by new connective tissue of imflammatory origin formed between 
the kidney and abdominal wall (Bauer), by a torn and detached layer 
of the peritoneum or in a cleft between separated abdominal muscles 
(Roy). It may also be caused by rupture of any of the internal ligaments 
of the abdominal viscera. | 

The unskilful castration of bull calves by twisting and tearing the 
testicle without securing the spermatic cord in the abdominal ring leads 
often to strangulation of the cord; this condition has been ‘specially 
studied by Walch, Dierick and Vogel. It has been experimentally shown 
that in such cases the fold of peritoneum (Douglas’s pouch) extending from 
the internal abdominal ring to the seminal vesicle becomes torn and a loop 
of intestine may slip through the opening so formed. In other cases the 
stump of the spermatic cord after its peritoneal coat is torn off slips from 
the inguinal canal into the abdominal cavity, where it may remain freely 
movable or become adherent to the peritoneum, leaving a fissure between 
itself and the abdominal wall (Walch found such changes without strangu- 
lation of the intestine in 60 to 70 per cent. of slaughtered oxen). Forcible 
tearing of the tunica vaginalis from the inguinal ring may also be detri- 
mental when the spermatic cord is divided transversely and. the testicle 
with its vessels removed. A case of strangulation by the spermatic cord 
after rupture of Douglas’s pouch has been reported by Jansen in a 
horse and by Metzger and Strauss in sheep, in which, as also in other 
animals with a more resistant peritoneum, such a form of strangulation is 
rare. 

Diaphragmatic hernia is another form of internal hernia. It occurs 
chiefly in horses, especially after jumping exercise, and is therefore more 
common in army horses. It is less common in cattle and dogs. This 
form of rupture is either congenital or acquired, and in the latter 


222 DISEASES OF DOMESTIC ANIMALS 


case may be caused by increased intra-abdominal pressure, external 
violence or acute gastric or intestinal dilatation. A hernia of the small 
intestine through the foramen of Winslow occurs almost exclusively 
in horses, in which the intestine becomes displaced between the 
layers of the omentum (omental enterocele). J6hnk observed such a 
case in an ox. (These cases must be distinguished from strangulation 
through a tear in the omentum.) External hernie, after strangu- 
lation, give rise to the same clinical picture as internal strangulated 
hernie. 

In most cases certain accessory causes play an important part. In- 
testines which are partly empty can more easily slip through openings, and 
in such circumstances openings usually covered by the large intestine 
(foramen of Winslow, fissures in the lower part of the diaphragm) become 
accessible to loops of small intestine. Active peristaltic movements after 
exposure to cold, in catarrhal affections, in thrombosis of the mesenteric 
artenverctce: tl also increased intra- Aslan pressure (in dragging 
heavy loads, galloping, jumping, going up-hill, rolling, etc.), are accessory — 
factors in intestinal displacement through fissures and openings. During 
energetic movements or rolling, pedunculated growths or freely movable 
bands in the abdomen may become twisted round the intestines. In this 
way strangulation of the left colon in horses is sometimes caused by the 
spleno- nephritic ligament. The most mobile part of the intestine, the 
jejunum, is that most subject to strangulation, while other parts are less 
often affected. 

Pathogenesis. After displacement of a portion of intestine through 
an opening which is narrow in comparison with the intestinal lumen, 
or after constriction by a band, the intestinal wall and its mesentery 
are compressed and its lumen becomes occluded. Displacement through 
a wider opening may have the same effect when, under the action of 
accessory causes, further portions of the intestine and mesentery become 
pressed into the opening, or when the portion of intestine first displaced 
has become dilated, as the result of kinking, or its wall has become swollen 
from venous congestion. 

The outflow of blood in the veins of the incarcerated intestine is ob- 
structed, while the thicker-walled arteries, with high internal pressure, 
continue to supply a certain amount of Blood: The result of this is to 
produce rapidly increasing retardation of the blood stream terminating 
in stasis, which affects the whole of the incarcerated portion of the 
intestine, while at the point of actual strangulation an anemic ring develops 
from pressure on the easily compressible capillaries. 

The rapidly increasing stasis and the resulting accumulation of car- 
bonic acid in the blood cause frequent spasmodic contractions of the intes- 
tine in the region of the strangulation; these are manifested by attacks of 
colic. The frequency and severity of these attacks depend on the length 
of the strangulated intestine and also on the degree of pressure. The 
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longer the strangulated portion, the more rapidly do the contractions 
occur. Under similar conditions strangulation of the small intestine, 
which has a more abundant nerve supply, causes more painful symptoms 
than strangulation of other parts of the intestines. 

The continually recurring contractions may drag other portions of 
the intestine through the site of strangulation, so that the distal part of 


Fic. 06..—STRANGULATION OF THE SMALL INTESTINE AND FacaL ACCUMULATION IN THE ILEUM 
in A Horsr: OBLIQUE SECTION OF THE ABDOMINAL CAVITY, ABOVE THROUGH THE ‘THIRD 
LUMBAR VERTEBRA, BELOW THROUGH THE ILIAC REGION. 


Rns, Left kidney; 7, jejunum; Cm, loop of small colon; Csd, left superior, and Csv, left inferior 
portion of colon; D, duodenum; Co, cecum; Ve, junction of ileum with cecum; J/, ileum; 
Cdv, right inferior portion of colon; Lip, pedunculated lipoma, the pedicle of which has 
strangulated a loop of the jejunum. 


the strangulated intestine becomes distended by the pressure of its contents 
and its continuation outside the opening is drawn through it (Wilms). 
Again, if the animal throws itself down or rolls, the sudden increase of 
pressure forces other loops of intestine through the site of strangulation. 
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Decomposition and putrefaction of the intestinal contents mixed with 
blood constituents soon leads to distension of the strangulated portion, 
because the gases which are formed cannot escape by the anus or stomach 
and cannot be absorbed by the blood. 

The contractions of the strangulated portion of the intestine, and with 
them the pains, are later arrested by the over-expansion and oedematous 
infiltration, while the peristaltic movements of the distal part of the 
intestine cease immediately, partly through stoppage of the intestinal 
contents, but chiefly as the result of reflex sympathetic inhibition. 
In the proximal portion of the gut the contractions persist for 
a time and may even be 
spasmodic, but they gradu- 
ally become — suppressed 
partly by reflex inhibition, 


the gradual distension of the 
gut by stagnant fluid and 
gas-forming contents. 
Pressure on the sensory 
nerves caused by increasing 
swelling of the intestinal 
wall and its mesentery, and 
increased bythe involve- 
ment of other portions of 
the intestine, gives rise to 
pain. In cases of less severe 
strangulation pressure pain 
may be absent. In the later 
course of strangulation pain 
may be caused by perito- 
Fic. 27.— Loop or SMALL INTESTINE (a, 0) STRANGU- aan The general SER DS 
LATED IN A CLEFT IN THE MESENTERY (c). toms are similar in nature 
and origin to those of 


but principally because of — 


thrombosis of the mesenteric artery (vide supra), but vary in different — 


species of animals according to their sensitivity to infective toxins, and also 
according to the length of the intestine involved. 

Anatomical Changes. The strangulated portion of the intestine 
is as arule dark or blackish-red, tense and distended. Its wall is thickened 


by sero-hemorrhagic infiltration, its lumen filled with fluid, offensive and 


blood-stained contents, and its mucous membrane blackish-red and 
often slimy and dirty yellow in colour. The. site of strangulation is 
indicated by a pale yellow anemic transverse stripe, sometimes by a series 
of pale rings alternating with red rings (corresponding to the inter- 
mittent entrance of the intestinal loop). Circumscribed or general peri- 
tonitis may be present, and occasionally a rupture of the intestine. The 


he 
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abdominal cavity contains a yellowor reddish serous fluid, often containing 
shreds of fibrin. ‘The post-mortem findings may be supplemented by 
signs of sepsis or of sapremia. 

Symptoms. In horses the symptoms usually appear suddenly, 
more rarely gradually, in the form of severe abdominal pains, sometimes 
appearing shortly after the animal has shown signs of intestinal stenosis. 
The animal throws itself down, rolls about and kicks, and sometimes 
exhibits actual maniacal attacks. Later it usually avoids these violent 
movements, and either lies quietly or remains standing owing to the pain 
caused by pressure on the nerves of the intestine and mesentery at the site 
of strangulation, or because of the development of peritonitis. Other 
symptoms that may be observed are stretching, lying always on the same 
side, squatting like a dog, kneeling and lying on the back. ‘These symp- 
toms of unrest may be constant or may appear at short intervals. In 
strangulation of the rectum and small colon marked tenesmus is some- 
times seen. The facial expression suggests intense pain, as in acute 
intestinal obstruction. 

The circumference of the abdomen is seldom much increased. In 
~ strangulation of the rectum or small colon, the intestinal sounds remain 
distinct for some time, but in other cases they are diminished or suppressed. 
Defecation soon ceases except in rare cases of incomplete strangulation, 
when it may be only retarded. : 

On rectal examination the rectum is found to be empty, and in many 
cases the strangulated portion of intestine can be felt. In strangula- 
tion of the rectum the hand meets with an obstruction which often 
does not admit the finger; the wall of the rectum is thrown into thick 
folds and is sensitive to palpation. When the finger can be intro- 
duced through the obstruction it becomes covered with reddish, 
foul-smelling fluid. In strangulation of other portions of the intestine 
there is found a sudden transformation of a normally expanded portion 
of intestine to a hard, wrinkled and painful band, which itself is sur- 
rounded by a tense band or ring (Fig. 27). Sometimes a pedunculated 
tumour can be felt per rectum and also the direction in which the constrict- 
ing band or the pedicle of a tumour has affected the intestine (Fig. 26). 
When the constriction is situated in the anterior part of the abdomen a 
circumscribed meteorism of the intestine only may be found, with tender- 
ness of the distended portion, or if this is absent a distension of the proximal 
portion of the gut. 

In strangulation of the intestine by the spleno-nephritic lgament 
(Fig. 28) the spleen is found to be displaced from the left wall of the 
abdomen in a downward direction, and the spleno-nephritic ligament 
is stretched into a band 15 to 20 cm. long. In the incomplete ring formed 
by this ligament and the base of the spleen, left kidney and left abdominal 
wall is found the middle portion of the left colon, usually suspended by 


the spleno-nephritic ligament, so that its upper portion lies on this 
VOL.\ 1. 15 
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ligament and appears strangulated, while its lower portion is directed 
outwards and to the left and is only slightly, if at all, constricted. The 
distal distended half of the left colon forms a large curve extending towards 
the pelvis ventrally, so that the upper portion lies more or less in front of 
the lower, and the longitudinal bands of the lower portion take a spiral 
course. Ina case of Aellig’s both portions of the colon remained partially 


Fic. 28.—STRANGULATION OF THE LEFT PORTION OF THE COLON BY THE SPLENO-NEPHRITIC 
LIGAMENT IN A HorsE: OBLIQUE SECTION OF THE ABDOMINAL CAVITY, ABOVE THROUGH 
THE SECOND LUMBAR VERTEBRA, BELOW AT THE LEVEL OF THE INTERNAL ANGLE OF THE 
Iu1ac Bone. 


Rs, Left kidney; Lvs, spleno-nephritic ligament; Str, strangulated portion of left upper (Csd) 


and lower (Csv) portion of colon; D, duodenum; FJ, jejunum; Csv, right lower portion of 
colon, 


patent, and consequently laxatives gave rise to diarrhoea. In Nordquist’s 
case a portion of small intestine was constricted by the spleno-nephritic 
ligament. 

Displacement of the small intestine through the foramen of 
Winslow is indicated by the presence of a tense loop of the intestine 
in the right flank close to the abdominal wall. A similar condition, 
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however, has been observed by these authors in acute dilatation of the 
stomach. 

In hernia of the diaphragm the respiration is interfered with from the 
first and is aggravated when the animal goes down-hill and assumes 
certain postures. In the posterior and inferior parts of the thorax the 
percussion note is tympanitic, variable in intensity and often of 
metallic quality; in other cases there is dulness sometimes on} both 
sides; this condition occurs when _ the displaced abdominal organs 
enter the opposite half of the thoracic cavity through an opening in 
the mediastinum. At the same time there may, be signs of acute 
pleuritis with tenderness to pressure and friction sounds, or effusion 
of blood in the thoracic cavity with abundant leucocyte content. 
In left-sided diaphragmatic hernia the heart may be displaced by 
the prolapsed loop of intestine, so that the cardiac impulse jis 
diminished and a splashing sound is heard in the cardiac area. Bigot 
observed extensive oedema extending from the shoulder to the sternum, 
and Floquet heard intestinal sounds over the bronchi. » Rectal examina- 
tion in diaphragmatic hernia is negative. 

In a horse with recent extensive rupture of the diaphragm a peculiar form of dyspnoea was 
observed, especially during outward movements of the ribs, when, instead of retraction of the 
intercostal spaces, there was marked inspiratory sinking of the epigastrium, flanks and loins, 


owing to the further entrance of portions of intestine through the wide opening in the diaphragm 
during inspiration. 


The pulse, respiration, temperature and sensorium are affected in the 
same way as in severe forms of thrombosis of the mesenteric artery (vide 
supra). ‘The pulse rate may rise within an hour or in a few hours to 60. 
At the same time it becomes weaker, the respiration is laboured and the 
temperature rises. In strangulation of very short sections of the intestine 
these symptoms may not appear for several hours and do not reach a 
high degree of severity. 

In cattle the symptoms commence with severe attacks of colic. The 
animal stamps the ground with its hind feet, strikes its abdomen with 
its horns, shakes its head and looks round towards its abdomen, lies down 
and gets up again and moves about restlessly. The gait is stiff because 
the right hind foot is not completely advanced. ‘These signs of unrest 
cease generally after 6 to 12 hours, so that ifthe attacks occur late in the 
evening they may be recognised only by the disordered state of the 
bedding straw. At a later stage the symptoms of restlessness give place 
to a gradual deterioration of the general condition manifested by groan- 
ing and general distress. At the onset of the affection there is often 
profuse sweating. Later, distension of the proximal side of the intestine 
and accumulation of gases in the rumen give rise to a moderate degree 
of meteorism. ‘The intestinal sounds become diminished at an early 
stage and finally suppressed. Sudden pressure on the right half of the 
abdomen gives rise to splashing sounds and often causes pain. Complete 
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retention of feces occurs a few hours after the onset of the affection, 
after painful attempts at defecation have produced only small quantities 
of feces or a mixture of blood and slime. 

Rectal examination (preferably with the animal standing) will always 
reveal that form of internal hernia due to strangulation by the spermatic 
cord. In this form the rectum is empty and the strangulation is found 
usually to the right, rarely to the left, of the internal abdominal ring. 
The strangulated loop of intestine forms a painful swelling the size of 
a fist to that of a man’s head connected with the abdominal wall by 
a tense constricting band. According to Blendinger, the adherent loop 
of intestine can be felt by a peculiar thrill caused by rubbing the rectum 
against the peritoneum. When the constricting band of the spermatic 
cord is wound round the intestine the swelling is more movable and 
situated nearer the median line or in the middle of the anterior border 
of the pelvis. In ‘other forms of strangulation the conditions are similar 
to those found in horses. In a case of incarceration of the small intestine 
Johnk found a large, painful swelling situated dorsally to the colon and 
movable with it, which was constricted by a fissure in the mesentery of 
the rectum. 

Notwithstanding its restlessness the animal becomes increasingly 
stuporose, loses its appetite and gradually loses strength. ‘The pulse is 
weak and rapid and may reach 120 to 130 to the minute, and the 
extremities become cold. A rise of temperature indicates the onset of 
peritonitis or general infection. 

In dogs the symptoms are manifested by abdominal pain, restlessness, 
yelping or whining, nuzzling their abdomen, and suddenly standing up, 
then lying down and rolling, stretching their legs or lying for a long time 
on their belly. Sometimes they show a certain degree of excitability. 
Eructation or vomiting is frequent, and there is always retention of feces. 

The abdominal circumference becomes increased and there 1s also local 
tenderness to pressure on palpation over distended loops of intestine. 
Sometimes the actual seat of strangulation can be felt as a hard, painful 
swelling. | 

The symptoms of restlessness may continue for a few hours or disappear 
entirely, and are followed by gradually increasing stupor and prostration, 
rise of temperature, weakness and acceleration of the pulse, and later 
obstinate vomiting and retention of feeces. As occurs in severe general 
affections the temperature, instead of being raised, sometimes becomes 
subnormal. 

In swine a clinical picture similar to that seen in dogs has been 
described. 

Course. Intestinal strangulation is characterised in all species of 
animals by its sudden onset, sometimes after the animal’s exposure to a 
definite predisposing factor or occasionally after previous intestinal 
stenosis. ‘The pain is either intense from the first or soon becomes so, 
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and may continue for a few hours or a day, as long as the strangulated 
portion of the gut retains its contractility. Later on symptoms of rest- 
- lessness occur, during which the pains are less severe and occur at longer 
intervals, and are caused by the less frequent contractions of the part of 
the intestine proximal to the strangulation, or by the intervention of 
peritonitis. 

In the absence of skilled treatment the condition terminates fatally in a 
short time from rupture of the intestine, peritonitis, or septic or sapraemic 
intoxication. Horses and dogs usually die in the first stage of the affection, 
cattle in 2 or 3 days. In one case a horse with strangulation of a portion 
of the ileum 30 cm. long lived for 5 days. The possibility of spontaneous 
reduction of the incarcerated intestine at the onset in exceptional cases 
cannot be excluded. In a case of Remmells’ and Vogel’s, spontaneous 
rupture of a constricting spermatic cord occurred in an ox during its 
strenuous efforts to prevent the application of hobbles before operation. 

Diagnosis. The diagnosis of internal strangulation depends on the 
positive results of rectal exploration and abdominal palpation, although 
other symptoms may suggest a more or less probable diagnosis. In 
doubtful cases, especially in cattle and dogs, and occasionally in other 
animals, an exploratory laparotomy may be performed, when the hand 
introduced through the abdominal wound can easily discover the presence 
of a strangulation and also its situation and origin. In bulls from g to 
10 months old, in which rectal exploration is impossible, laparotomy is 
indicated in all cases in which the symptoms of colic and retention 
of feces have appeared suddenly and have not been relieved after 
12 hours’ treatment. The diagnosis of incarcerated diaphragmatic 
hernia can be assumed when symptoms of intestinal occlusion are 
associated with tympanitic or metallic resonance on percussion of the 
- postero-inferior region of the thorax, especially when the resonance varies in 
pitch and intensity, and when loud intestinal sounds are audible in the 
same region; also if symptoms of pleuritis or haemothorax are present, but 
more certainly when exploratory puncture of the thorax reveals the 
presence of hemorrhagic intestinal contents. 

Circumscribed intestinal meteorism also occurs in torsion of the 
intestine, in severe forms of thrombosis, and also in acute dilatation of the 
stomach, and, therefore, unless the seat of strangulation be palpable, 
this symptom can be considered only in conjunction with other symptoms 
in forming a tentative diagnosis. Nevertheless the presence of meteorism 
localised to a few loops of intestine nearly always indicates intestinal 
strangulation, torsion or volvulus. Clear, yellow or pale red serous 
fluid obtained on exploratory puncture is also found in torsion and invagi- 
nation of the intestine and in severe forms of thrombosis of the mesenteric 
arteries. | 

Acute primary dilatation of the stomach in horses can in most cases 
be excluded by the history of the case and the mode of onset, the early 
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respiratory trouble, the comparatively slight disturbance of defecation, 
and by the rapid improvement after catheterisation of the stomach. ‘The 
exclusion of torsion, volvulus or invagination of the intestine is only possible 
by rectal examination, but this is of no importance as regards the prognosis. 
(In a case of Landenberg’s, of probable strangulation of the intestine 
by a persisting urachus, the rectal finding was similar to that obtained 
in strangulation by the spermatic cord.) Incarcerated external hernia 
can be recognised from the symptoms of intestinal occlusion and the local 
symptoms. However, examination of the abdominal ring and the tunica 
vaginalis should never be omitted in cases of colic, especially in stallions. 
Cases of intestinal displacement with internal strangulation may be con- 
founded with cases of obturation which are accompanied by pain on 
pressure in certain regions of the abdomen, also with intestinal obturation 
in cattle caused by blood clots. Sometimes obturation can be excluded 
by rectal examination, by the delay in the appearance of general symptoms, 
and often also by the history. Occlusion of the urethra by calculi is dis- 
tinguished from intestinal strangulation by the following features: retention 
of urine with normal defecation, pulsations in the perineal urethra, dis- 
tension of the bladder, which can be felt as a semi-cylindrical elastic 
swelling in the middle line connected with the pelvic part of the urethra 
in otherwise negative rectal exploration. Occasionally a cryptorchid 
testicle may present difficulty in diagnosis when it gives rise to colic, as 
in the case of a horse in which rectal examination showed the spermatic 
cord to be twisted into a spiral band, situated with the testicle above the 
internal abdominal ring. Johnk observed two cases of torsion of the 
testicle in which painful symptoms were absent: one in a pig and another 
in a young bull. 

Prognosis. When artificial reduction cannot be effected the prognosis 
is unfavourable because spontaneous reduction is exceptional and medicinal - 
treatment has no effect. The question of operative treatment depends 
on the species of animal affected, the duration of the affection, the general 
condition, the nature of the constricting body, and also on whether the 
reduction can be effected per rectum or only by laparotomy. The prog- 
nosis is most favourable in cattle even when laparotomy is necessary 
(Hofmann reported only 5 per cent. of failures in 185 cases). Laparotomy 
also gives good results in dogs. The success of operative treatment is 
much less likely when peritonitis or general symptoms have supervened 
or symptoms of collapse have appeared (insensibility, anemia of mucous 
membranes, subnormal temperature, almost imperceptible pulse and pros- 
tration); the occurrence of fever renders the case still more grave. Some 
indication is given by exploratory puncture, for if this shows the presence 
of foul-smelling fluid in the abdominal cavity the outlook is hopeless. 

Treatment. Recovery can be expected only when reduction can 
be effected by manipulation per rectum or by laparotomy. Medicinal 
treatment is limited to the administration of narcotics (morphine and 
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chloral hydrate). In cattle, chloral hydrate may be given in doses of 
0-09 to o-12 gramme per kg. of body weight in 5 per cent. solution intra- 
venously without any deleterious effect on the milk and flesh. In horses 
and cattle, when the pulse is not greatly accelerated, subcutaneous injec- 
tions of atropine may be given (0:05 to 0-10 gramme). Morphine may 
be given to horses in doses of 0-3 to 0-6 gramme subcutaneously, and 
chloral hydrate in the form of 50 c.c. of a 74 per cent. solution intravenously. 
Aperients are useless and even dangerous. 

In suitable cases, both in horses and cattle, reduction may be performed 
per rectum by withdrawing incarcerated loops of intestine from fissures 
or clefts, by tearing thin bands or by liberating a piece of intestine from 
the pedicle of a tumour. In this way Perl succeeded in liberating the 
rectum in a horse from a constriction, probably due to a pedunculated 
lipoma, by means of his fingers; Seltenreich, in two similar cases of strangu- 
lation by the pedicle of a lipoma, was unsuccessful. 


Strangulation by the nephro-splenic ligament may be reduced by introducing the hand per 
rectum between the stretched Jigament and the constricted intestine, grasping the latter on the 
right and pushing it towards the left abdominal wall while exerting downward pressure with 
the thumb. At the same time the base of the spleen is moved by the back of the hand towards 
the median line. This procedure is sometimes successful in a few minutes or within half an hour. 
During the operation the animal is in the standing position. In 5 out of 6 cases treated in this 
way by the authors laparotomy was only necessary in 1. Forssell performs reduction with the 
animal onits back. This position is also recommended by Nordquist in failure to effect reduction 
of the colon in the standing position. ; 

In strangulation following hernia into the spermatic duct of cattle, if the condition is seen 
soon after the onset an attempt should be made to press back the intestine through the constricting 
ring before the gut becomes distended. As, however, the animal is not usually seen till several 
hours after the onset it is nearly always necessary to separate or tear the spermatic cord. The 
posterior portion of the abdomen being raised, the well-greased arm is introduced into the rectum 
up to the elbow, the strangulating band is seized between the finger and thumb, the hand is closed 
and rotated in the ventral direction and towards the right side, and at the same time drawn back- 
wards and to the left. Servatius’ method is to hook the index finger round the cord from above 
and draw it from right to left by winding it round the finger, after which the cord is dragged 
by the closed finger and thumb in the direction of the thorax and thus separated from its attach- 
ment. In animals more than two years old, in which the spermatic cord is more firmly attached, 
he attempts to seize the cord with the whole hand, wind it round his wrist and tear it loose with 
a strong pull while an assistant pulls on the scrotum in the opposite direction. Hofmann drags 
the cord with the bent finger or with the whole hand first in a cephalolateral and then in a medio- 
caudal direction to the middle of the pelvis, by which means it is usually torn. If this does not 
occur he winds the cord one to three times round the hand and alters the direction of traction 
caudo-dorsally or to the left. 


In small animals and in calves less than 9 to 10 months old laparotomy 
is the only possible treatment for intestinal strangulation. (In one 
case, however, a successful result was obtained in a calf by repeated 
rectal injections of warm water, with the hind quarters of the animal 
raised.) In horses laparotomy is usually the last resource. In cattle 
it is indicated after the failure of bloodless methods of reduction in all 
cases of strangulation except that by the spermatic cord. 

In performing laparotomy the abdominal incision is made near the 
seat of strangulation, the constricting band is divided and the loop of 
intestine released as bloodlessly as possible. In this way recovery 
is often obtained in cases of strangulation by the spermatic cord and 
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also in other forms of strangulation in cattle. Dierick recommends, 
in all cases of strangulation by the spermatic cord, laparotomy with 
resection of the cord at the site of its separation from the peritoneal 
fissure in order to prevent recurrence of adhesions which may occur 
after simple tearing away of the stump. of the cord or when it lies free in 
the abdomen. 


In horses, successful results in intestinal strangulation have been obtained by section of the 
constricting band. In three cases of hernia through the foramen of Winslow in _ horses 
Forssell had good results from a special operative technique, and Jéhnk was also successful by 
adopting laparotomy in a case of incarceration of this kind in a young bull. 


26. Volvulus and Torsion of the Intestine 


These forms of intestinal occlusion are caused by twisting of the intestine 
on its own axis or by strangulation caused by other loops of intestine, 
whereby the lumen is rapidly occluded and a condition of blood stasis 
produced in the wall of the gut. 

Occurrence. ‘These conditions are most frequent in horses, in which 
they account for 2 to 5-5 per cent. of all cases of colic. In cattle they are 
rare, and still rarer in swine (in these animals, according to Glage, 
the colon is usually affected) and dogs. Heidegger reported a 
case of torsion in a young mink, and Johne and others in an 
elephant. 


In horses of the Prussian army torsion or volvulus was found in 33°8 per cent. of 1,070 fatal 
cases of colic. Of these, 16 per cent. affected the small intestine and 16:9 per cent. the colon. 


/Etiology. Volvulus or torsion generally arises from mechanical 
causes, as has been proved by observation in animals which have died 
as the result of definite mechanical influences, or after rolling on the 
ground in other painful affections of the intestine. The importance of 
mechanical factors in producing this condition is also shown by the 
frequency of post-mortem displacements of the intestine 1n the carcases 
of horses examined before the onset of rigor mortis. Excessive peristaltic 
action is seldom a direct cause of torsion. : 

Longitudinal torsion of the left portion of the colon (torsio, rotatio colt) in 
horses may arise in one of two ways. When the animal turns over in 
rolling the left portion of the colon does not always follow the turning 
movement of the body quickly enough and remains behind the right 
portion, so that its relative position 1s changed. 

As a rule the right portion of the colon remains fixed in the region 
of the pelvic flexure while the left portion becomes displaced during 
violent movements of the body, consisting of twisting or lateral movements 
of the abdomen, occurring chiefly in reckless lying down, during rolling, 
rapid paces or jumping. Under these conditions the left part of the colon, 
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lying free and unsupported by other parts of the intestines, executes 
swinging or turning movements along the left abdominal wall, either 
towards the right or the left side. Also, the left upper portion of the 
‘colon, when filled with solid contents, may sink downwards to the lateral 
or median side of the lower portion, and drag the rest of the upper portion 
with it. (In a young bullock, there occurred a torsion of the colon 
with separation of its first portion from the serosa.) 


_ Spasmodic intestinal movements (dysperistalsis) do not cause direct torsion of the colon because 
its different portions remain united even in irregular contractions, and it is therefore difficult 
to conceive how one contracting portion could get beneath another resting portion or how the 
several portions of the colon could be changed in position merely by strong peristaltic action. 
Spasmodic intestinal contractions are rather an indirect cause of torsion by the painful effects 
they produce. 

Accessory factors play an important part in the productioneof torsion. 
Among these are increased weight of the left portion (especially the pelvic 
flexure) from accumulation of feeces or sand, with simultaneous insufficient 
filling of the diaphragmatic portion; over-filling of the right upper 
portion, and according to Forssell also of the left lower portion; the presence 
of a tumour in the intestinal wall; deficient filling of the other intestines, 
probably also the degree of fulness of the stomach; according to Joest, 
the position of the tip of the cecum between the abdominal wall and the 
left lower portion of the colon; flaccidity of the abdominal walls. Ac- 
cording to Forssell, a wide mesocolon which is found in many horses at 
the pelvic flexure is also a predisposing cause. As a further accessory 
cause may be mentioned incomplete filling of the colon, for if the whole 
of the colon is filled with feeces or gases the resulting rise in intra-abdominal 
pressure impedes free movement of the intestines, and the uniform distribu- 
tion of the intestinal contents and the tenseness of the intestinal wall 
have no influence on the lumen and cause no compression of the 
vessels. 

Torsion of the cecum on its long axis in horses may also be caused by the 
~ above-mentioned mechanical effects. Hausotter observed in the course 
of 6 days 7 cases of torsion of the cecum (to 180°) in horses which had 
ingested small quantities of sand with their fodder, and which a few days 
previously had suffered from attacks of colic due to unfavourable weather 
conditions. Schaldemose reported a case in which the cecum was 
twisted 1% times round its axis. The comparatively short length and 
the position of the cecum render it much less liable to torsion. 

Voloulus and torsion of the small intestine and small colon have a much more 
complicated mechanism. In this case the displacement is most often due 
to the winding of a loop of intestine with its mesentery round another 
part of the intestine (volvulus, knotting, volvulus nodosus), less often to 
twisting of a loop of intestine on its long axis round its own mesentery 
(torsion, volvulus mesenterialis). In horses such twisting of the small 
intestine often occurs, and, in swine, of the colon. This mesenteric 
volvulus is liable to occur in sudden movements of the body, as in turning 


234, DISEASES OF DOMESTIC ANIMALS 


round or rolling, which may take place during the unloading of calves 
and pigs, especially if the affected part of the intestine is full of fluid or 
solid contents or with an admixture of sand, also when a tumour Is present. 
In such circumstances the volvulus is usually situated in the small intestine. 
Loops of small intestine are very rarely twisted round the colon, cecum 
or small colon, or loops of the latter round each other. This form of 
volvulus is often caused by.sudden violent movements (throwing down, 
rolling, jumping, etc.). In some cases in which swinging movements 
of the intestine occur the stretching of the mesentery leads to the intestine 
becoming displaced to more distant parts of the abdominal cavity or under 
the colon. In this way the stretching or compression of the mesentery 
with its veins may give rise to venous congestion and swelling of the 
intestinal *wall, setting up strong contractions of the intestine which lead 
to the inclusion of other loops of intestine with their mesentery 
and a further increase in the venous congestion. According to Frese, 
parts of the intestine, as the result of local accumulation of gases or 
interference with the peristaltic movement of their contents, may 
become distended and afterwards twisted by the movement of their 
contents. 

Accessory factors also take part in the causation of volvulus and torsion 
of the small intestine, especially over-filling or increased weight of sections 
of the intestine by fecal impaction, circumscribed meteorism, intestinal 
concretions, parasites and tumours, and also flaccidity of the abdominal 
wall and adhesions between parts of the intestine. 

Kinking of the intestine (rotation on the transverse axis) is of rare occur- 
rence, and is most often found when adhesions occur between the intestine 
and other organs or the abdominal wall. In such cases the small intestine 
or the small colon is usually constricted without any disturbance of the 
circulation. Kinking of the left part of the colon (flexio coli) or of the 
cecum (flexio ceeci) occurs sometimes in horses, in which, under the influence 
of the above-mentioned mechanical causes, the kinked end of the cecum 
becomes anemic and necrotic. Kinking of a part of the wall of the 
colon is also possible. | | 

Predisposition. ‘The horse appears to be particularly susceptible to 
volvulus and torsion, and this probably results from the considerable 
length of the mesentery of the small intestine, the loose position of the 
greater part of the colon in the abdominal cavity and the nature of the 
work for which this animal is used. 

Pathogenesis. This is in the main identical with that of intestinal 
strangulation (p. 222). ‘The difference consists in the fact that in volvulus 
and torsion the intestine is strangulated by itself or by another loop of 
intestine. 

Anatomical Changes. In torsion of the colon on its long axis the 
portion distal to the point of constriction is dark red and distended, some- 
times flecked with blood, and the mesentery of the two superimposed 
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portions is infiltrated with blood and often hanging loose. The wall 
of the intestine is more or less thickened and infiltrated with reddish 
serous fluid, and its mucous membrane is dark red, swollen and thrown 
into loose folds and in some places necrotic. ‘The intestinal contents are 
mixed with blood. At the seat of torsion there are either signs of congestion 
or the presence of an anemic ring. Occasionally the congestion is very 
slight, both externally and in the mucous membrane. 

The direction of torsion to 
the right or the left is deter- 
mined by the conditions of the 
left portions of the colon or 
the direction of the spiral folds 
at the site of torsion. Rotation 
to the right appears to be more 
common than to the left (in 
62 cases of Pilwats, 58 were to 
the right. and 4 to the left), 
although Wall found, in 26 
cases,:15 to the left and 11 to 
the right. The degree of tor- 
sion is variable; usually there 
is one rotation or half a rota- 
tion, but several complete ro- 
tations are not uncommon. 

The site of the torsion is 
usually in the diaphragmatic 
flexure, but in prolapse of the 
proximal portion of the colon 
it may be situated as far as 
the cecum or the first part 


of the small colon, in which 


case the cecum may also be Fic. 29.—Torston oF THE Lerr Coton ‘TOWARDS 
THE RicGHT IN A HORSE AFFECTED ALSO WITH 


twisted. Complete torsion of VOLVULUS OF THE SMALL INTESTINE. 
the pelvic flexure has been Usually the site of torsion is much more 
described only in one case. anterior. 


[Incomplete torsion of the pel- 

vic flexure is not uncommon.—Ep.]| Torsion of the left colon is also rare 
(Fig. 29). Torsion at the root of the colon may easily escape notice, 
as the right upper portion has sunk beside or below the ventral portion 
and the torsion is situated at its junction with the small colon. 

In kinking of the large intestine the lumen of the gut is constricted 
or occluded by part of its wall projecting inwards and the part behind 
the kink is congested. In kinking of the apex of the cecum, however, 
the affected part is usually anemic and necrotic. 

In mesenteric torsion of other parts of the intestine the mesentery 1is 
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twisted like a cord, or there is a volvulus in which one part of the 
intestine has twisted round another, enclosing it like a ring (Fig. 30). 
The strangulated part of the intestine is greatly distended and dark red 
in colour. (In a dog Otto found torsion of the whole intestine as far as 
the cecum.) 

In every form of intestinal torsion and volvulus sero-hemorrhagic 
fluid is found in the abdominal cavity, together with circumscribed or 
diffuse peritonitis, and sometimes rupture of the intestine. There are 
also signs of septic or sapremic intoxication, especially in torsion of the 
colon, and sometimes evidence of death from asphyxia. 


Fic. 30.—VOLVULUS OF THE SMALL COLON. 


C, Small colon; R, rectum (after Mollereau). 


In the differential diagnosis, hemorrhagic infarction of the intestinal wall in thrombosis of 
the mesenteric arteries has to be considered. A close examination of the bloodvessels for thrombi 
or emboli and careful inspection and palpation of the loops of intestine in their natural position 
will avoid errors in diagnosis. Sharp demarcation of the hemorrhagic infiltration is not of absolute 
significance, as it is also seen in thrombo-embolic infarction. Post-mortem displacements of the 
intestine, which are not uncommon, are distinguished by the absence of signs of congestion. 


Symptoms. The external manifestations resemble on the whole 
those of intestinal strangulation (p. 225), but the abdomen is usually 
more distended than in the latter condition owing to the frequent implica- 
tion of the large intestine or a large extent of the small intestine. 

Rectal examination in torsion of the colon shows a marked degree of 
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distension of both left portions (especially the lower portion) of the colon 
which reaches as far as the upper abdominal wall, so that sometimes the 
hand is passed with difficulty between them and the abdominal wall. 
Because of the tense condition of the walls of the expanded colon its 
contained solid feces cannot be readily palpated. 

The position of the colon in the abdominal cavity is either unaltered 
or both left portions are displaced towards the median line or even as far 
as the base of the cecum. ‘The pelvic flexure 1s directed towards the pelvis 
or to one side or towards the thorax, and consequently the course of the 
portions of the colon is either in a direct line or curved to one side. The 
mutual relation of the left portions of the colon also remains either un- 
changed (in complete rotation), or the smooth upper portion lies to the 
right or left of, or even below, the much thicker lower portion, which 1s 
recognised by its bands and sacculations. When the pelvic flexure is 
directed towards the thorax it may lie out of reach in the abdominal 
cavity, but usually it is found lying horizontally on the lower abdominal 
wall. The two free bands of the lower division of the colon pursue the same 
course as this division itself, but are influenced by the position of the 
pelvic flexure. A spiral course of the longitudinal bands to the right or 
the left is found either when the spiral formed during rotation reaches 
the pelvic flexure, or when the latter is bent towards the thorax; otherwise 
the course of the bands is normal. Traction on the colon or its bands 
often causes pain. The pulpy consistence of the thickened wall of the 
left division of the colon and a similar condition of the mesocolon may 
obscure the pulsation of the arteries of the colon, although pulsation can 
be felt in other arteries. The site of torsion can only be determined per 
- rectum in the rare cases of torsion of the posterior half of the left divisions 
of the colon, which are transformed into a thick, pulpy, painful and | 
spirally twisted cord. 

In kinking of the colon or of the cecum . the wall of the gut is bent at an 
acute angle and there is marked gaseous distension of the intestine. 
This condition can be discovered only when the kinking occurs in a part 
of the abdomen accessible to rectal examination. 

Torsion of the cecum can probably be often recognised by rectal examina- 
tion, as in a case examined by the authors. 

Torsion or volvulus of the small colon can easily be recognised by rectal 
examination. In torsion of its posterior terminal portion the constriction 
often allows only the finger to be inserted through it. The intestinal 
wall is then found to be folded and painful and distended loops of 
intestine can be felt through it. If the torsion has occurred more 
anteriorly the conditions are similar to those of strangulation (p. 225), 
except that the twisted small colon is surrounded by distended loops of 
intestine. : 

Knotting and partial mesenteric torsion of the small intestine can in many 
cases be detected by the sudden transition of a distended loop of intestine 
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into a folded cord, painful on palpation, and also by a pulpy condition 
of the intestinal wall and mesentery and congestion of the mesenteric 
veins. 

In medium-sized horses torsion of the small intestine round the 
root of the mesentery is recognised by the presence of a thick folded 
cord passing to the right or left at the level of the left renal pelvis 
and directly under the vertebral column, and connected with a distended 
loop of intestine often passing in the same direction. In some cases the 
posterior portion of the left division of the colon or the cecum can be 
found constricted by loops of small intestine. There are also cases in 
which the site of constriction cannot be reached per rectum, and only 
tensely distended and painful loops of intestine can be felt. A completely 
negative rectal examination is comparatively rare, but occurs when only 
short sections of the intestine situated in the most anterior portion of the 
abdomen are affected. 

In cattle, swine and carnivora rectal examination and external palpation 
of the abdomen may reveal conditions similar to those of strangulation 
(p. 229). Ina dog with torsion of the rectum Probst observed hemorrhagic 
intestinal evacuations (probably a case of incomplete torsion, such as has 
been observed in the horse). 

Course. Occasionally torsion may develop in connection with other 
colicky affections. As a rule, however, it occurs independently, with 
sudden onset and rapidly increasing symptoms of pain, runs a course 
of short duration and ends fatally, especially in the case of torsion of the 
small intestine, sometimes in a few hours or towards the end of the first 
day. In torsion of the large intestine, and especially of the small colon, 
horses may live for 2 or 3 days. In other domestic animals the course is 
similar to that of intestinal strangulation. 

Occasionally spontaneous recovery may occur at the onset of the 
condition and when short sections of intestine are involved, but at a later 
stage, when distension of the intestine has set in, spontaneous recovery is 
impossible. Spontaneous reduction in cases of torsion of the colon has 
been found several times on post-mortem examination, both by Frese and 
the authors. 

Diagnosis. This can only be made with certainty by the discovery 
of the site of torsion or volvulus by rectal exploration, or in small animals 
by abdominal palpation. ‘Torsion of the colon, however, can be almost 
definitely diagnosed by the. discovery of a pulpy thickening of the wall 
of the left division of the colon and the mesocolon, together with other 
symptoms of intestinal obstruction, as this leaves only the comparatively 
rare thrombo-embolic infarction of the intestinal wall to be ex- 
cluded. Only a presumptive diagnosis can be made from the other 
symptoms, but with increased experience this can be rendered more 
precise. | 

The Pec situation of the point of constriction in the dia- 
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phragmatic flexure and the right colon commonly permits of only a 
tentative diagnosis. This condition can be diagnosed by the presence 
of two tense bands at the level of the fourth lumbar vertebra, and 
according to Mdller by the spiral course of the longitudinal bands 
of the left lower division of the colon. Forssell regards the relative 
position of the left divisions of the colon and the course of their 
longitudinal bands as important signs in the diagnosis. In_ this 
- connection it must be, borne in mind that in primary and secondary 
fecal impaction and distension the position of the colon is often 


> 


Fic. 31.—SPuRIOUS TORSION OF THE COLON Fic. 32.—Spurious TORSION OF THE COLON 


IN A Horse. IN A Horse. 

The pelvic flexure is displaced to the right; The left upper portion lies beside and below 
the left upper portion lies at.a, b; beside the left lower portion, but passes in front 
and underneath at a, b; beside and above of the point a, b of the left portion of the 
the lower portion. colon to its normal position. 


apparently changed (Figs. 31, 32), so that the left upper portion is 
found to the right or less often to the left beside or even below the 
lower portion, but it may attain its normal position when the region 
of the diaphragmatic flexure is reached. This portion of bowel cannot, 
however, be examined per rectum, but one can easily assume the occur- 
rence of a true torsion when none, in fact, exists. In this case, as in right 
or cephaloventral direction of the pelvic flexure, the longitudinal bands of 
the lower portion generally take a more or less spiral course and the left 
portions may bulge inwards reciprocally without interfering with the 
lumen of the gut or with the blood circulation. 
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The determination of the direction of torsion of the colon is also un- 
certain. According to Méller the direction of torsion to right or left 
can be determined from the spiral course of the two lateral bands of the 
lower division of the colon. Forssell gives the following rules for deter- 
mining the direction of torsion from the relative position of the left portions 
of the colon: In a rotation to the right of not more than go degrees the 
upper portion lies to the right of the lower and passes obliquely forwards, 
upward and to the left (Fig. 31); in a rotation of more than go degrees it lies 
to the left of the lower portion and passes forwards towards the right side 
under the lower portion. On the other hand, in torsion to the left of not 
more than go degrees the upper portion lies to the left of the lower, passes 
obliquely forwards to the right and dorsally towards the dorsal surface 
of the lower portion; while in rotation of more than go degrees the upper 
portion lies to the right of the lower, but passes under it further forwards. 
In the rare cases in which the relative position of the two portions of the 
left colon are completely reversed, the direction of torsion is shown by the — 
spiral course of the longitudinal bands. The diagnostic value of the above 
signs is restricted by the fact that they also occur in cases of spurious torsion, 
and that when the seat of torsion is in the diaphragmatic flexure or in the 
region of the right portion of the colon the left portion with its bands 
may pass in a straight direction. If in the latter case an accidental or a 
spurious torsion should occur it would simulate torsion in the opposite 
direction. 

Intestinal torsion and volvulus cannot always be distinguished from 
strangulation by palpation, but as the treatment is the same in both condi- 
tions this is of no practical importance. For further details of differential 
diagnosis see section on internal strangulation (p. 229). 

Treatment. On the whole this is similar to that for intestinal strangu- 
lation (p. 230), except that, apart from some cases of torsion of the colon, 
there is less hope of effecting reduction per rectum. 

In torsion of the colon in horses an attempt should be made to effect 
reduction by rolling the animal in the direction of torsion, a method by 
which Forssell was successful in 17 out of 18 cases, and Persson in all cases 
so treated. The value of this method is, however, difficult to estimate 
because of the uncertainty in excluding spurious torsion occurring in 
the course of other and less dangerous colicky affections. In point of 
fact, other observers have not seen such brilliant results, but Hummerich 
and Kolcher have successfully treated many cases of primary intestinal 
meteorism and fecal impaction by rolling. ‘The most favourable cases 
for reduction of torsion by rolling are those in which the seat of torsion 
is at the point of junction of the transverse with the left colon, or in the 
region of the left colon. 


Reduction of Torsion of the Colon by Rolling. According to Forssell this is best performed by the 
Stuttgart method in which the horse is placed on the side corresponding to the direction of torsion 
(i.e., on the right side in right-handed torsion), after previous puncture of the distended colon. 
The hand is then introduced into the rectum and the pelvic flexure held by the fingers (in mares 
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a vaginal incision may be made for this purpose). ‘The animal is then rolled over on its back and 
abdomen five or ten times or more in the direction of torsion till the intestine returns to its proper 
position. To prevent injury to the rectum the fixation of the pelvic flexure by the fingers is 
interrupted from time to time. ‘The reduction of the torsion is usually manifested by the escape 
of gases. Steinbruch successfully treated a case by placing the horse on its back and gradually 
raising its hind quarters by means of a pulley to a height of 3 feet for a period of 45 minutes, 
during which 36 quarts of lukewarm water were run into the rectum. After this the animal 
was rolled two or three times from side to side. 

Reduction of Torsion of the Colon through the Rectum. According to Jelkmann this is performed on 
the standing animal after previous puncture of the intestine. The posterior part of the abdomen 
is raised. ‘The hand introduced into the rectum seizes the loops of the small colon, and with 
them the portion of colon lying above them, and draws them from the left flank forwards and 
inwards to the middle line. The hand is then passed slowly upwards, when in favourable cases 
the colon slips into the place of the loops of small colon which have been drawn aside and the 
torsion is reduced. In left-handed torsion Méller draws the upper portion of the colon lying 
to the left of the lower portion upwards, and at the same time the lower portion downwards 
and to the left. The available evidence indicates that torsion can hardly ever be reduced by 
this method owing to the difficulty in moving the massive and heavy colon in the closed 
abdominal cavity where other parts of intestine occupy all available space. ‘There is also the 
danger of rupturing the rectum; others nevertheless claim good results in cases conforming to 
the indications given by Jelkmann and Moller. 

Kinking of the pelvic flexure can be corrected from the rectum by traction towards 
the pelvis. Sigl relieved a case of torsion of the small colon by injection of water into 
the proximal section in front of the lesion. Levens relieved a case by counter-torsion. 
Meads treated a case of suspected volvulus of the small colon by introducing both hands into 
the rectum, grasping the site of torsion with the right hand, and pushing the colon over with the 
left hand. 


In some cases in which the diagnosis is definite the only possible treat- 
ment is by laparotomy, the indications for which have been already 
mentioned (p. 231). From the nature of volvulus and torsion of the 
intestine it is evident that comparatively few cases treated by this method 
can be successful. 


In a case in which the small colon in a horse was constricted by loops of small intestine 
Meschkow effected replacement after laparotomy in the right flank and Sig] reported a similar 
‘successfulcase. Audebert replaced the colon by means of the hand introduced into the abdominal 
cavity through an incision in the vagina. Pl6sz and Marek in two cases were unable to reduce 
mesenteric torsion of a loop of intestine by laparotomy; Svanstrom, however, obtained successful 
results in torsion of the cecum in a horse, and Dremicke and Behrens in torsion of the small 
colon. 


Since in those cases which are seen soon after the onset of the affection 
spontaneous reduction of torsion of the colon may occur during rolling 
movements, the process of rolling in moderate degree may be continued 
for some time without harm. Narcotics (morphine and chloral hydrate) 
may also be given. If there is much distension of the intestine puncture 
is indicated, after which some cases of kinking of the intestine or displace- 
ments of the large intestine undergo spontaneous reduction. Purgatives 
are useless and even harmful. 


27. Intestinal Invagination (Intussusception) 


By intestinal invagination is understood a sudden narrowing or closure 
of the lumen caused by the infolding of one section of the intestine by an ad- 


jacent section, and followed by venous congestion of the included portion. 
VOL. I. 16 
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Occurrence. Intussusception occurs most frequently in cattle and 
dogs, most rarely in horses and swine. Young animals are most liable 
to it. In cattle it occurs chiefly in animals from 1 to 3 years old, 
more often during their confinement in houses in the winter months. 
In dogs, Schiel found it most common between the ages of 2% to 5 
months, the period of most rapid growth. In South African sheep 
Walker observed intestinal invagination (reckziekte, knopdarm) in 
animals over 15 months old (on some farms 5 to 10 per cent. of 
the sheep were affected). In horses of the Prussian army and at 
the Berlin clinic 0-12 per cent. were affected, at the Dresden clinic 
0-13 per cent., and at the Budapest clinic 0-17 to 0-31 per cent. of all 
cases of colic in horses. 

fEtiology. Permanent invagination of the intestine is due as a rule to 
excessive peristaltic movements, and consequently may be caused by any 
condition which stimulates peristalsis, such as exposure to cold, drinking 
cold water or eating frosted fodder (Wagenheuser observed it in 7 foals after 
eating frosty grass); also by intestinal catarrh or enteritis, intestinal worms 
or foreign bodies, tumours of the intestine, and especially by violently 
disturbed intestinal movements such as occur in colic. In Walker’s cases 
numerous nodules formed by the larve of cesophagostomum were found, 
especially in the region of the invagination; these may have been con- 
cerned in the etiology by their mechanical prevention of the return of the 
invaginated portion. (Invagination with immediate rectification often 
occurs over short portions of the gut in normal peristalsis.) In the cases 
observed by Schiel in dogs, 66 per cent. of the animals were affected with 
distemper, which is explained by the common occurrence of intestinal 
catarrh in this disease. 

In some cases invagination may possibly be due to a portion of intestine 
becoming pushed into its adjacent portion by a sudden increase in intra- 
abdominal pressure during violent abdominal contraction. This would 
account for the cases which occur in horses after jumping, and in cattle 
during parturition or in dragging a heavy load up-hill; but even in these 
cases increased peristalsis remains the essential factor. 

Accessory causes of invagination include the relatively firm attach- 
ment of certain portions of intestine by a short mesentery, tumours, para- 
sites, foreign bodies, adhesions, and sometimes intestinal flatulence. 

sbhessitesor: invagination is most frequently in the small intestine; less 
_ often the ileum is invaginated into the cecum, or exceptionally into the 
colon. In horses, cattle and dogs the apex of the cecum may be invaginated 
into the body of fale cecum; in horses, and sometimes in dogs, thé cecum 
into the colon; occasionally the small colon into itself, or into the rectum 
in horses. In dogs especially invagination of the jejunum into the ileum 
is associated in 30 per cent. of cases with involvement of the colon and 
leads to prolapsus ani in 10 per cent. (Schindler). In horses and 
dogs the duodenum is sometimes invaginated into the stomach by anti- 
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peristaltic action, and in other parts of the small intestine the invagination 
may also occur in the same direction. According to Joéhnk, the most 
common site of invagination in cattle is at the junction of the jejunum 
and ileum, fairly frequently in the terminal portion of the colon, but 
rarely in the other portions of the colon which are closely connected. 
Walker found invagination in sheep to be always situated 23 to 164 cm. 
in front of the ileo-czcal valve. 

Pathogenesis. According to experiments made by Nothnagel, 
_ physiological invaginations of short duration occur in normal peristalsis 
and are produced as follows: A portion of intestine which has become 
narrower and longer owing to the contractions of its circular muscles 
is forced into the adjoining distal portion, which dilates simultaneously by 
contraction of its longitudinal muscles, provided that at least one of these 
portions is fixed or only slightly movable, or is prevented from free 
movement by an unyielding abdominal organ or by the abdominal wall. 
This invagination is resolved almost immediately by the relaxation of 
the circular muscles, as only a short part of the intestine is invaginated 
and the muscular contractions are of brief duration. Permanent patho- 
logical invagination occurs only in morbidly increased peristalsis with 
prolonged intestinal contractions by which a longer portion of intestine 
becomes invaginated into its adjoining portion, and the swelling and result- 
ing venous congestion prevent the invaginated portion from slipping 
back after the musculature has relaxed. 

Agonal invagination is produced under the influence of increased peristalsis caused by the in- 
creased carbonic acid content of the blood which is present immediately before death. During 
the invagination the compression of the invaginated intestine and its mesentery gives rise to 
local blood stasis, resulting in swelling and sero-hemorrhagic exudation. ‘The sero-hemorrhagic 
exudation takes place both into the intestine and also into the abdominal cavity, which it reaches 
by passing between the invaginated portion and the outer sheath of intestine. 

The rapid increase of venous congestion gives rise to spasmodic con- 
tractions which cause colicky pains and may also lead to further invagina- 
tion. This is also aggravated by the fact that the contractions of the 
circular muscles of the intussuscepted portion of the intestine take place 
simultaneously with those of the longitudinal muscles of the intussuscepting 
portion, and in this way a further portion of the distal part of the intestine 
is drawn over the invaginated section. The contraction of the circular 
muscle of the intussuscepting portion may also effect an increase in the 
length of the invaginated portion, so that the contracted and lengthened 
intussuscepting portion extends further over the invaginated portion. 
In this way the latter may eventually attain a length of several yards. 
The rapidly increasing swelling of the intussusceptum and its mesentery 
gives rise to continuous pain, which is increased by pressure or by increase 
of intra-abdominal pressure. 

The invaginated intestine undergoes a pondderable diminution of its 
lumen, which may terminate in complete occlusion. Spasmodic painful 
contractions may also occur in the proximal part of the intestine. In the 
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distal part of the intestine peristalsis ceases in a few hours or days owing 
to the loss of contractility of the invaginated portion due to infiltration, 
necrosis, severe compression or secondary peritonitis. Before this occurs 
peristalsis can extend to the distal portion, because the constriction 1s 
not severe enough to prevent its conduction from the proximal portion 
of the intestine, and also the reflex sympathetic inhibition of the distal 
portion is of lesser degree than in other forms of intestinal obstruction. 
In this way serous or hemorrhagic fluid is sometimes evacuated by con- 
tractions of the distal part of the intestine. 

The nutritional disturbance in the intestinal wall caused by blood 
stasis has the same result as in intestinal strangulation (p. 224). In 
prolonged cases the invaginated portion of intestine may become 
separated, or it may remain in situ without undergoing necrosis and 
so cause etptestinal steno- 
sis. 

Anatomical Changes. 
The two parts of the in- 
vaginated intestine form a 
curved or spiral body from 
a few centimetres to several 
yards in length and of firm 
or fluctuating consistence 
(Figs. 34, 35). Externally 
the intestine may appear 
normal, but is usually of a 
bluish or purple colour 


Fic. 33.—ScHEMA oF INVAGINATION, through compression of the 
a, Entering limb; 6, returning limb of intussusceptum ; mesenteric and _ intestinal 
d, its mesentery; ¢, intussuscipiens. veins. At the neck of the 


invagination the involuted 
wall of the intestine forms a plump ring enclosing the invaginated portion 
and its mesentery, which is folded into a cord. The two portions of the 
intestine forming the invagination are opposed by their serous surfaces, 
the inner or entering portion being known as the intussusceptum and the 
outer or returning portion the intussuscipiens (Fig. 33). The intussuscep- 
tum with its mesentery is congested and infiltrated with sero-hemorrhagic 
exudation, and forms a rounded cap at its junction with the intussuscipiens 
(Fig. 35). Owing to fibrinous inflammation of their opposed serous coats 
the two portions of intestine are difficult or impossible to separate, thus 
differing from agonal invagination, in which there are no inflammatory 
changes. As a rule there is only one invagination, but in exceptional 
cases there may be several present at the same time in different situations. 
In invagination of a long section of the intestine its mesentery may be 
torn; or the mesentery may be torn transversely from the proximal 
portion of the intestine, when the whole length of the intestine may 
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be drawn into the invagination. This occurred in a case in which 
a transverse rupture of the mesentery of the duodenum was followed 
by invagination of the whole of the small intestine into the cecum, 
colon and rectum, and eventual protrusion for a length of about 3 yards 
outside the anus. . ; 

Sometimes signs of peritonitis or of general infection are present. 

Symptoms. In horses the symptoms resemble those of internal 
strangulation and torsion (p. 225). In invagination of the cecum into 
itself or into the colon defecation is not entirely suppressed, or at least not 
permanently, and the animal 
may even survive; but after the 
initial severe symptoms have 
subsided intestinal stenosis ac- 
“companied sometimes by foetid 
diarrhoea remains. 

On rectal examination cir- 
cumscribed meteorism is usually 
absent, but in protracted cases 
there may be moderate dis- 
tension of the whole of the 
intestines. In invagination of 
the small intestine into itself a 
firm, elastic, painful, cylindrical 
or spiral and freely movable 
body may be found, or a more 
or less fluctuating loop of intes- 
tine surrounding a firm cylin- 
drical body. Sometimes only 
the seat of invagination can be 
reached, when the intestine is : 
suddenly transformed into a fic, 34.— INTESTINAL INVAGINATION IN A Horse. 
cord which can be felt to 
enter a thick fleshy ring. In invagination of the ileum into the cecum a 
firm, elastic, painful body can be felt in the head of the cecum (Klett). 
Sometimes invagination of the cecum into itself (as an uneven fleshy 
tumour) or into the colon can be felt. Evacuation of blood-stained faeces 
occurs in a few cases. 

In cattle the symptoms also resemble those of intestinal strangulation 
(p. 225), except that instead of severe colic they consist mainly in restless 
movements, striking at the abdomen with a hind foot, profuse sweating 
and tenesmus on defecation. Kolb observed stretching of the body 
such as is seen in male horses during micturition. Jdéhnk reported 
convulsive twitchings followed by febrile, hemorrhagic gastro-enteritis. 
In distinction to other forms of intestinal obstruction, haemorrhagic 
intestinal evacuations are more frequently observed, consisting of feces 
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mixed with blood, or a mixture of slime or fibrinous masses with 
blood. | 

Rectal examination reveals conditions similar to those found in the 
horse, except that in cattle the invaginated portion of intestine can usually 
be felt in the posterior part of the abdominal cavity bordered by the rumen 
and the right abdominal wall near the pelvic inlet. 

In sheep, Walker found an absence of severe abdominal pains, the 
symptoms consisting chiefly in nuzzling at the abdomen, stretching 
and arching of the back, restless standing up and lying down, and changes 
in the feces similar to those in cattle. Sometimes there was marked 
enterorrhagia and the termination was usually fatal. 

In dogs the clinical picture is only distinguished from that of internal 
strangulation by the occurrence of foetid, hemorrhagic intestinal evacua- 
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Fic. 35.—INVAGINATION OF THE SMALL INTESTINE IN A Doc. 
A, Neck of invagination; B, rounded cap of the invaginated portion. 


tions. ‘The general condition, pulse, temperature and respiration are only 
slightly disturbed for the first day or two, although the appetite is sup- 
pressed from the first. In some cases the invaginated intestine becomes 
prolapsed during defeecation or even permanently. On external palpation 
a firm, elastic, painful, cylindrical and sometimes curved body is felt in the 
abdominal cavity, freely movable in all directions. Sometimes the rounded 
cap of the invaginated portion and the point of involution of the invaginat- 
ing portion can even be felt (Fig. 35). Ina case of prolonged invagina- 
tion of the colon in a dog Hutyra observed emaciation, chronic flatulence 
and the evacuation of fluid féeces. aoe 


In a goose with double invagination of the small intestine 3 cm. long there were symptoms 
of catarrh of the crop and loss of appetite; death occurred in 13 days. . 


Course. The abdominal pains, which are at first very severe, subside 
in cattle in 6 to 12 hours, but in horses not till after several days, during 
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which the animal may die. In horses several attacks of colic may occur 
at short intervals, while in cattle, according to the author’s observations, 
colic may in some cases be absent. (In order to prove this the animals 
must be continuously under observation, especially at night.) 

The duration of the affection is generally from 6 to 9 days, some- 
times 2 weeks; in sheep 4 to 14 days. In horses with invagination 
of the cecum into itself or into the colon the duration may extend to 
6 weeks or months and give rise to symptoms of intestinal stenosis. 
Spontaneous cure is rare, but always possible after separation and 
evacuation of the invagindted portion of intestine with adhesion of the 
layers of peritoneum at the entrance of the invagination. Such cases, 
which often leave intestinal stenosis as a sequela, have been observed 
_ by several authorities both in horses and cattle. Schautyr observed 
relapse after reduction of invagination of the jejunum into the ileum 
in a dog. 

Diagnosis. A definite diagnosis can be made only by rectal explora- 
tion or external palpation, although the evacuation of faeces mixed with 
blood, mucus or fibrin masses, signs of intestinal obstruction, and the early 
appearance of severe general symptoms after a short period of restlessness 
may of themselves suggest a provisional diagnosis. 

In fecal impaction, in the majority of cases the intestine is of firm 
and inelastic consistence, and is not sensitive to pressure or traction. In 
muco-membranous enteritis a thick-walled, painful, elastic portion of 
intestine can sometimes be felt, but signs of intestinal occlusion are absent. 
In cattle invagination cannot always be distinguished from volvulus or 
from intestinal obstruction caused by coagulated blood, but this fact is 
of no importance as regards treatment. In dogs invagination may be 
mistaken for fecal impaction of the large intestine, but in the latter 
condition the affected part of the intestine feels firm and uneven, and 
forms an inelastic, immovable, cylindrical and usually painless mass. It 1s 
more likely that the condition may be confused with intestinal obstruction 
by foreign bodies, and a diagnosis in these cases can sometimes be made 
only by exploratory laparotomy or X-ray examination. In cows, torsion 
of the uterus must be excluded. 

Treatment. Laparotomy affords the only promising line of treatment. 
In cattle this is performed in the right flank, in dogs and sometimes in foals 
in the median line, in horses at the nearest point to the site of invagination. 
After opening the abdominal cavity the affected part of intestine 1s 
drawn out and the invaginated portions separated if possible. If this is 
impossible because of adhesions between the intussusceptum and the 
intussuscipiens, or if there is necrosis of the affected section, the latter is 
resected and the healthy ends united. In attempting reduction of the 
invaginated portion pressure should be made on the cap of the intus- 
susceptum from behind at the same time that traction is made from 
the front. 
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The administration of laxatives is contra-indicated, as they can effect 
only harm. Copious water enemata may be tried in cases of invagination 
of the small colon or the rectum. 


28. Colic 


Etymologically colic signifies pain in the intestine (dolor coli, colica, 
neuralgia colica, enteralgia, enterodynia). The symptoms of colic have 
been described as cutting, tearing or pinching pains in the intestine’ 
occurring in paroxysms. According to Nothnagel’s observations, and 
in our Own experience, spasmodic contractions of the intestine cause 
colic by stretching or compressing the sensory nerves in the serous coat 
and the mesentery. From veterinary clinical experience there is also 
no doubt that spasmodic contractions of the musculature of the stomach 
and intestines give rise to pains similar to those produced in other organs 
composed of involuntary muscle (bile duct, ureter, bladder, uterus). 

Such contractions of the involuntary musculature in domestic animals 
nearly always occur as a secondary phenomenon in the course of a variety 
of diseases, in which they may be caused by increased excitability due to 
catarrh or inflammation, or by irregular stimuli produced by sudden venous 
congestion, mechanical irritation, or the formation of irritant products 
of decomposition (carbonic acid, methane, fatty acids). Consequently 
colic is not to be regarded as a form of disease per se, but rather as a 
symptom which may be produced by different causes, and we can only 
distinguish different forms of colic according to their origin (biliary colic, 
faecal impaction colic, etc.), as is observed by present-day writers. 

Against the retention of the collective term “‘ colic ”’ it may be further 
postulated that animals affected with colic may suffer not only from true 
colic, but also from a persistent, dull inflammatory pain in the course of 
various diseases of abdominal organs other than the intestine (peri- 
toneum, liver, spleen, kidneys, renal pelvis, urinary bladder, and some- 
times also pleura), and also from other distressing factors such as 
irritation of the anus due to parasites, hunger, exhaustion, and irritation 
from flies. We cannot therefore always determine from the behaviour 
of an animal whether it is suffering from true colic. The retention of the 
term “ colic? appears to be unjustifiable, not only because of the hetero- 
geneous origin of colicky symptoms, but also from the practical point of 
view, because it might lead the veterinary student to believe that “‘ colic ” 
is a specific disease, due always to the same cause. To treat all cases 
of “colic”? by routine methods would be entirely irrational, since it 
would mean that treatment was directed only to the removal of symp- 
toms which might be produced by various diseases, instead of treatment 
being directed to the removal of the fundamental disease itself. We 
should, therefore, use the term “ colicky” or “‘ colic-like ’’ affections of 
the stomach, intestine, bile duct, and ureter, etc., only for the sake of 


s 


COLIC | 24.9 


brevity, while recognising that the pains may be those of true colic (of 
intestinal origin) or only of pseudo-colic (of other than intestinal origin). 

The frequency of colicky affections in horses ‘is exemplified in the 
reports of the Prussian army, showing that every year from 3 to 6 per cent. 
of the animals are affected with “ colic’ and that this accounts for 11 to 
14 per cent. of the total cases of sickness. At veterinary clinics 50 per 
cent. or more of the animals are treated for colicky affections. This high 
proportion is due to the fact that animals suffering from other diseases 
with less severe symptoms than “colic’’ are not brought to the clinic 
so frequently. 

The mortality from colicky affections varies within wide limits, depend- 
ing on the local conditions affecting the frequency of the underlying 
diseases. ‘The mortality varies between 10 and 17 per cent., or perhaps 
a little higher, but is on the average about 12 per cent. 

Symptoms of Colic. Affected horses look round frequently towards 
the posterior abdomen, move about restlessly, stamp their feet and strike 
their abdomen with their hind feet. When they become quiet they stand 
with the back arched, the neck and head somewhat stretched out and 
the feet drawn in under the abdomen, switch their tail, and are dull and 
apathetic. When moving their gait is stiff, and they may be induced 
to walk only with difficulty. 

During the periods of restlessness they lie down cautiously, or may 
roll about recklessly. Sometimes they adopt unusual attitudes such as 
kneeling on their forelegs or sitting on their haunches with the forelegs 
extended and the head and chest raised (dog fashion), or lie on the breast 
with their forelegs stretched out. These symptoms usually occur in 
-paroxysms, between which the animal remains at rest and sometimes 
begins to feed, but ceases at the onset of a fresh paroxysm. Sometimes the 
restlessness becomes violent: the animal continually changes its position, 
throws itself on the ground, changes from one posture to another, stamps 
its feet, kicks, even bites any object within reach and executes compulsive 
movements. Other symptoms depend on the nature of the underlying 
disease. 

In other animals the pains are less frequent and less severe. The 
symptoms are similar to the above, but less pronounced. 

Differential Diagnosis. ‘This necessitates a systematic examination 
of all the organs, in addition to attention to the history of the case and 
the clinical picture. Insome cases it may be urgently necessary to relieve 
a dangerous symptom before proceeding to a general examination. 

Symptoms of restlessness and distress may be caused by the following 
pathological conditions: 

1. Diseases of the stomach: acute and chronic dilatation, pyloric 
stenosis, gastritis, gastric ulcer, parasites 

2. Diseases of the intestine: acute intestinal catarrh (rheumatic intestinal 
spasm, spasmodic colic), sometimes chronic intestinal catarrh, enteritis 
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(including that due to acute specific infections or intoxications), meteorism, 
feecal impaction, internal obstruction, stenosis, arterial and venous mesen- 
teric thrombosis, strangulation, torsion, volvulus, invagination and 
intestinal worms. | 

3. Acute peritonitis. 

4. Diseases of the liver and bile ducts: impacted gall-stones, acute 
and chronic hepatitis, rapid increase in size of liver (e.g., hemorrhage), 
rupture of liver. | 

5. Diseases of the urinary organs: acute nephritis, renal abscess, 
pyelitis, obstruction of ureter, cystitis, occlusion of urethra. | 

6. Diseases of the sexual organs: torsion of the uterus, uterine spasm 
caused by movements of foetus, labour pains in normal delivery or in 
abortion. 

7. Diseases of other organs: pleuritis (rarely), certain affections of 
the cesophagus (spasm, obstruction, stenosis, dilatation), irritation of 
the rectum by worms (oxyuris, gastrophilus larve), paralytic hemo- 
~globinemia. Also hunger and great exhaustion. 

In making a diagnosis symptoms of colic are only of ceondhers im- 
portance. Almost continual restlessness, however, is especially observed 
in acute dilatation of the stomach, intestinal displacements, cases of severe 
thrombosis of the intestinal vessels, and in certain forms of intestinal 
obturation. Abnormal attitudes are seen in forward displacement of 
the diaphragm, and in severe abdominal pain occurring with intestinal 
displacements, fecal impaction or intestinal concretions. 

A marked yellow coloration of the mucous membranes with simultaneous 
restlessness points to involvement of the duodenum, bile duct or liver. 

A rise of temperature from the onset suggests the possibility of an 
infectious or inflammatory origin, and when occurring later may result 
from secondary inflammation. 

In cases not too far advanced a nearly normal frequency and strength 
of pulse excludes severe inflammatory infectious diseases, forward pressure 
on the diaphragm, and usually also displacements of the intestine and 
severe forms of thrombosis. [In all cases characterised by severe pain the © 
pulse and respiration are markedly increased in rate. In simple spas- 
modic colic the pulse rate quickly returns to normal between the 
paroxysms of pain. In colic due to impaction of the large colon the 
acceleration of the pulse is usually continuous and progressive.—ED. | 

Belching, retching and vomiting, and a sour odour of the breath point 
to primary or secondary dilatation of the stomach and the possibility of 
gastric rupture. 

Increase in the circumference of the abdomen, even in the presence of 
meteorism, may be absent or hardly noticeable when the abdominal 
walls are very tense, or in secondary meteorism of slight degree, except in 
cases of meteorism of the large intestine which produces a definite enlarge- 
ment of the abdomen. 
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Percussion of the abdomen is not of much assistance in diagnosis, 
and the character of the intestinal sounds is of more value in prognosis 
than in diagnosis. Absence of movement in certain sections of the intestine 
cannot be determined by the character of the intestinal sounds, as these 
sounds, unless very weak, are conducted to all parts of the abdominal 
wall from whatever point in the abdominal cavity they arise. It is only 
when the sounds are always loudest at definite parts of the abdomen that 
the location of energetic peristaltic movements can be assumed. 

Retention of feces occurring simultaneously with or soon after symptoms 
of unrest points to intestinal occlusion or paresis, but the absence of this 
symptom in the early stage does not exclude these affections. Retarded 
defecation or retention of feces may also occur in diseases of the stomach. 
Straining in defecation is most common in affections of the rectum and 
in peritonitis. In some cases the character of the faeces is of some assistance 
in diagnosis. According to Tatezawa, the presence of glycosuria is an 
important diagnostic sign in intestinal displacements; in his cases 87:5 
per cent. were positive. 

The most important means of diagnosis 1s by et examination, which 
should never be omitted in any case. 

Treatment. In order to avoid gross errors, treatment should always 
be directed to the underlying disease, when that can be determined with 
certainty, or at least with probability. In all cases the animal should be 
placed in a roomy enclosed place littered with plenty of dry straw. Reck- 
less throwing down and rolling should be prevented by the administration 
of narcotics and by careful supervision, in order to prevent rupture of the 
stomach or intestine or displacements. An exception to this rule is 
torsion of the large intestine, in which moderate rolling may be allowed. 
The routine administration of aperients (or alternatively of narcotics), 
which was formerly the custom, is often useless and frequently dangerous. 
[In Britain it is considered proper, as a general rule, to permit the subject 
of acute colic considerable freedom of action. He can thus adopt postures 
which afford him some measure of relief from the pain, but in such condi- 
tions as acute intestinal tympany restraint is necessary in order to prevent the 
animal from throwing himself down and so inducing rupture of the bowel. | 

Apart from the internal treatment of the underlying disease, operative 
treatment may, upon occasion, play an important part. This includes 
the introduction of the stomach tube, gastric lavage, the reduction of 
displacements, the removal of obstructing foreign bodies from the rectum 
or by rolling, laparotomy and enterotomy. It must always be borne in 
mind, however, that laparotomy, and especially enterotomy, are dangerous 
operations in horses, and still require further perfecting before many 
animals can be expected to be saved by their means. 

Relapse of colicky symptoms can be prevented to a great extent by 
careful dietetic treatment (pp. 143, 188). 
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29. Animal Parasites in the Stomach and Intestine 


Diseases of the stomach and intestine caused by the invasion of animal 
parasites are more common in animals than in man owing to their different 
- mode of feeding and condition of the food. In animals the food is usually 

eaten raw, and is often contaminated with soil or animal excrement, 
and consequently the larval forms of worm parasites which are deposited 
in these substances, and also in stagnant drinking water, are liable to 
become ingested. 

Pathological Action of Intestinal Parasites. The mechanical 
irritation of the mucous membrane or of the submucosa caused by the 
parasites after their penetration may set up catarrh or even deep-seated 

“inflammation. Worms armed with hooklets can penetrate deeply into the 
tissues, and may perforate the intestinal wall and set up fatal peritonitis. 
Agglomerations of worms (worm balls) may cause stenosis or occlusion 
of the intestine. Sometimes obstruction of the bile duct may be caused 
by migrating worms, and occasionally stenosis of the larynx by worms 
penetrating from the pharynx. 

By absorbing nutrient material, intestinal worms when present in large 
numbers give rise to emaciation, and severe anemia may be caused by 
the toxin (leucomaine or ptomaine) which some of them are believed to 
excrete. This toxin acts especially on the blood and the blood-forming 
tissues, producing increased destruction of blood corpuscles, anemia with 
poikilocytosis, nucleated red corpuscles and megaloblasts, and also a 
greater or less degree of blood eosinophilia, together with eosinophilia 
of the affected tissues. In other organs also it produces increased 
protein cleavage, affections of the glands of internal secretion (supra- 
renal, thyroid, etc.), and in this way may give rise, indirectly or 
directly, to nervous symptoms (excitability, convulsions, paralyses) which — 
were formerly erroneously attributed to reflex action. In some cases even 
a verminous anaphylaxis may develop through the repeated absorption 
of specific protein substances ‘derived from the dead bodies of worms or 
from their toxins. Rachmanow found in the motor cells of the spinal 
cord changes similar to those found in horse-serum anaphylaxis. 

The multiple abrasions in the mucous membrane caused by many 
worms may predispose to bacterial infection and so cause severe inflam- 
mations, general disturbances of health, or certain nervous affections. 
Pathogenic bacteria may also be carried by worms during their migration 
from the skin or intestine. Even protozoal infections may sometimes be 
promoted by the presence of worms in the intestine. 

Diagnosis. ‘The presence of animal parasites in the stomach or 
intestines should always be suspected when in the absence of symptoms 
of gastric or intestinal catarrh or any appreciable change in the appetite 
an animal becomes emaciated or exhibits retarded development (especially 
in young animals), and also when many individuals in herds of animals 
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present similar symptoms. Should there be no macroscopic evidence of 


parasites in such cases, or should the examination of the intestinal evacua- 
tions for parasites be negative, the administration of vermifuges will 
often reveal their presence in the ensuing evacuation, if the question 
has not already been decided by post-mortem examination. In most 
cases the presence of parasites during life can only be determined 
by microscopic examination of the feces, which will also give an 
approximate idea of the degree of infestation. In this connection 
it must be borne in mind that the discovery of animal parasites 
in the gastro-intestinal canal is not in itself a definite proof of the 
parasitic origin of the affection, for parasites when present in small 
numbers usually cause no disturbance of health. A parasitic origin of 
the disease therefore can only be determined by comparing the symptoms > 
with those of the different forms of parasitic disease, and from a considera- 


tion of the number of parasites, their larvae and ova. 


~% 


The degree of the pathological changes varies according to the nature, 
number and situation of the parasites, and also according to the species 
of animal and its individual sensitivity. Large worms, especially those 
armed with hooks, are on the whole more dangerous, although small 
worms when present in large numbers (Echinococcus, Ancylostoma) give 
rise to equally severe affections. 


Microscopic Examination for Animal Parasites and their Ova in the Faces. Whenever possible the 
specimen of feeces to be examined should be freshly evacuated or obtained directly from the 
rectum. The feces can be fixed by mixing them with an equal quantity of hot 10 per cent. 
formalin in order to preserve the ova in the state of segmentation they were in at the time of 
deposition. ‘This is important in diagnosis. Where parasitic worms are exerting pathological 
action they are frequently present in large numbers and their eggs can be detected in a smear 
of feces placed in a small quantity of water on a slide. At least three slides prepared from dif- 
ferent parts of the feecal sample should be examined. The simplest and most reliable method of 
separating worm ova and larve from the coarser parts of the feces, especially in herbivora and 
swine, is by Pataki’s agitation method, in which the triturated fecal pellets of sheep, goats, 
and rabbits, and parts of the fecal balls of horses and dogs are mixed with water in the proportion 
of 1 to 3 (approximately)—-soft feeces of the consistency of normal cattle feeces in the proportion 
of 1 to 2, and thin feces in the proportion of 1 to 1, while liquid feces are undiluted. ‘The speci- 
mens are placed in a conical glass and stirred with a glass rod till a uniform suspension is pro- 
duced. A small quantity is then removed with a pipette and a drop of this placed on a glass 
slide and covered with a cover glass and examined. For every further examination the stirring 
must be repeated. In counting the ova or larve for the approximate estimation of the degree of 
parasitic invasion and the number of sexually mature worms in the host it is best to count ten 
preparations for cattle and five for other animals in order to obtain a more exact average. In 
Ehrlich’s method the feecal suspension is passed through a sieve or a piece of muslin into a shallow 
vessel; after 10 minutes the supernatant fluid is removed and the sediment examined. 

Recently a valuable method for counting ova in feces has been devised by Gordon and 
Whitlock, ‘This involves the use of a specially constructed ‘“‘Macmaster”’ slide ; this consists 
of three chambers, each being covered with a slide on the under-surface of which is etched a 
centimetre square. ‘Iwo grammes of faeces are mixed in 60 c.c. of saturated salt solution and 
after thorough agitation the cells of the slide are filled with the mixture and the ova counted 
within the centimetre square ; the number counted multiplied by 200 gives the number of ova 
per gramme of feces. 

For the detection of parasite carriers as well as for research purposes concentration methods 
are indispensable, as by this means isolated ova and other developmental forms are separated 
from the feces and collected either in the sediment or supernatant fluid of the suspension where 
they are easily discovered. In Noller and Otten’s and Hobmaier and Taube’s modifications 
of Koffoid and Barber’s sodium chloride flotation method the feces are triturated with a con- 
centrated solution of sodium chloride added drop by drop till a uniform emulsion is produced. 
This is placed on a wire sieve with meshes of 0-2 cm., saturated sodium chloride solution is 
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poured over it and stirred till the coarser particles are separated. ‘The proportion of feces to 
salt solution should be as 1 to 8 to 25. ‘The suspension is then placed in an Erlenmeyer’s flask 
or a similar vessel (according to Ftilleborn, this should be cylindrical), closed with a well-fitting 
stopper, and left to stand for 25 to 90 minutes. By means of a bent platinum loop of about 
0-3 to 0-4 cm. diameter a sample is taken from the superficial layer of the suspension in salt 
solution. ‘This method can be accelerated by centrifugalising the suspension for a few minutes 
after the coarser particles have subsided. 

In Vajda’s glycerin method the feces are diluted with water (under normal conditions in horses 
and swine with double their volume of water; in sheep, goats and dogs with three times their 
volume; in thin samples of feces with only a little water and fluid feces undiluted) and then 
thoroughly mixed with glycerin (specific gravity 125) in a wide test tube. For the detection of 
the ova of Strongylus, Oxyuris, Ancylostoma and Césophagostomum and of coccidia the glycerin is added 
in equal volume, for Ascaris UES 14 volumes are added, and for other intestinal worms 
3 volumes. After standing for 1} hours or after centrifuging ’ samples of ova can be obtained 
from the surface of the fluid svith the end of a dry glass rod. In examining large samples of 
feeces of horses or swine the sample is mixed with double its volume of water, strained through 
gauze, and the expressed fluid centrifuged for 30 minutes. The supernatant fluid is then poured 
off to a height of 1 to 2 cm. above the sediment and glycerin added (for horse feeces 1 to 14 
volumes, for swine faeces 3 volumes), centrifuged again for 15 to 20 minutes, and allowed to stand 
for a short time. In the brownish-creamy layer on the surface the ova of the parasites can be 
found in large numbers. By fastening a piece of filter paper over the open end of another 
test tube and dipping it into this layer the ova may be removed and preserved in a closed 
vessel for months. Some ova can even be seen on a slide with a hand lens. This method is 
suitable for the detection of the ova of nematodes, tape worms and protozoa. 

In Vajda’s sodium silicate method the feces are placed in a centrifuge tube and thoroughly 
mixed with 3 to 4.c.c. of water (0-5 gramme of feces for horses, cattle, swine and dogs; 0:25 gramme 
for sheep or goats), then mixed with the silica solution of specific gravity 1,430 (200 grammes 
of dry sodium silicate boiled in 350 grammes of distilled water) and centrifuged for 4 to 1 minute. 
After this the examination is conducted as in the glycerin method. Ndller and Schmid claim 
equally good results with the use of the cheaper crude silicate, of which they use a larger 
quantity less diluted. The silicate method is most successful in the detection of the ova of 
Fasciola hepatica, but also useful for the ova of cestodes and nematodes, and for coccidia and the 
cysts of Balantidium. Schmid recommends a concentrated solution of potash for the detection 
of the ova of Fasciola. 

In Sheuther’s sugar method a dilute suspension of feces is filtered through a wire sieve with thirty 
meshes of 2:5 cm. length, mixed with an equal volume of 50 per cent. sugar solution (specific 
gravity 1,200), and centrifuged for 2 minutes at 2,000 to 2,500 revolutions per minute. A small 
cover glass is then placed by means of a forceps on the surface of the fluid, transferred to a glass 
slide and examined. In Underhill’s modification of this method the sample of feces is triturated 
in water mixed with the sugar solution in a test tube and the surface layer examined after 10 to 
12 hours. 

The potasstum-mercury todide method of Janecsko and Urbanek eliminates the disadvantage of 
glycerin, silicate and sugar, the viscosity of which hinders the ova from rising to the surface of the 
fluid. In this method a specimen of 0°5 to 1 gramme of feces is triturated with water, left to stand 
for a short time, and then placed in a centrifuge tube with the potassium-mercury iodide solution 
(mercuric iodide 10-0, potassium iodide 7:4, water 26°55 c.c.) to the amount of 6 c.c., then 
thoroughly mixed and centrifuged for 4 or 5 minutes. Material for examination is taken from 
the surface of the fluid as in Vajda’s method. This method is very useful for the detection of 
the ova of Fasciola and also for other parasites. 

In Vajda’s rapid method for the detection of lung-worm larve in feces a small fecal pellet 
from sheep or goat is placed in a few drops of water and left for $ to $ hour, during which time 
most of the larve which are on the surface of the fecal pellet will have collected in the water 
and can be examined microscopically. When samples from many animals are to be examined. 
feecal pellets can be arranged in series on a long glass slide, with a few drops of water added 
to each. After 15 minutes the pellets are removed and the water is examined for larve. Soft 
feces from sheep and goats, and also from cattle, can be mixed with water to a Eay consis- 
tency and spread in a flat dish $ to 1 cm. in depth. One or more round pits about 3 cm. wide 
are then made in the feces with ae end of a glassrod. ‘The pits are cleansed from ei remaining 
feces and filled with water from a pipette. ‘The water is then examined in the usual way. 

The culture method for detection of larve is also useful in the diagnosis of stomach-worm disease 
or other affections caused by round worms. In Theiler and Robertson’s method feces freshly 
evacuated or removed directly from the rectum are placed in a glass jar with a screw lid. After 
closing the lid the jar is placed in a cupboard in the dark and examined daily. After the fourth 
day, when the degree of humidity is sufficient, the larve appear on the sides of the glass in the 
form of fine whitish, mucoid-like streaks spreading upwards. On exposure to light they move 
back towards the layer of feces. In Adelmann and Albrecht’s method for the detection of 
Strongylus larve in horses a ball of feces is placed in a glass vessel and thoroughly soaked in pure 
water. The vessel is protected from the action of light by enclosing it in black paper. It is 
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covered loosely and placed near a stove. In the course of a few hours or 1 or 2 days, under 
good illumination, small worms can be seen in the water with the naked eye, often united into 
small masses. Sometimes they can only be detected. after carefully decanting the fluid or after 
centrifuging. 

For the detection of coccidia the shreds of mucus which adhere to the faeces are the most 
suitable. ‘They are also found in blood clots passed in the evacuations. Without previous 
treatment, except the addition of a little water, the specimens are examined under a cover glass 
by medium magnification. The methods of concentration described above are also applicable. 
For the staining of smears Ziiblin recommends Lugol’s solution. 

For the detection of amebe fresh cover-glass preparations are made from the muco-purulent 
flakes in the feces, diluted with physiological saline solution if necessary, or better still by hanging- 
drop preparations, in which the amoebe can easily be recognised as clear shining motile bodies 
with strongly developed pseudopodia. 


(a) Gastrophilus Larve in the Stomach of the Horse 
‘ (Myiasis Ventriculi) 


Occurrence. Gastrophilus larve are found in the stomach of the 
horse as a rule after prolonged pasturing, but occasionally after working 
on roads passing through brushwood. Of 437 horses slaughtered in 
Augsburg, 142, or 32:5 per cent., were infested with Gastrophilus larve. 
These comprised 7-4 per cent. of city horses, 17-2 per cent. of army horses, 
34.7 of country horses, and 37 per cent. of horses from the suburbs. Owing 
to their conditions of life, in normal circumstances severe cases of invasion 
are usually seen only in young horses of 8 months to 3 years, in which, 
owing to the greater sensitivity of the growing organism, the affection is 
frequently serious. Under special conditions, as in times of war, when the 
animals are constantly kept in the open, adult horses also may be affected. 
Thus, during the first world war Larisch found 60 per cent. of all horses of 
the German army on the Russian front infested with Gastrophilus larve. 
The number of these larve is also increased after dry years. 

‘Etiology. The larve develop from the ova of the family stride 
(Diptera), which includes bot-flies, designated as Gastrophilus. The full- 
grown larve are red, brown or yellowish-red in colour, 15 to 20 mm. long, 
pointed at the anterior and blunt at the posterior end, and consist of 
11 segments which are more prominent on the dorsal surface and furnished 
with spines. The first ring bears two buccal chitinous hooklets and above 
these two wart-like antenne. 


1. Gastrophilus intestinalis, the common bot-fly,is 12 to 14 mm. long, of a rusty yellow colour, 
somewhat resembling a bee, and deposits its yellow ova on the hairs of the inner side and back 
of the carpal joints, the sides of the thorax, the shoulder, forehead and neck, and the inner side 
of the hock-joint. ‘The larve are chiefly situated in the cardiac portion of the stomach, partly 
also in the pyloric portion and duodenum, are 18 mm. long, thick, yellowish-brown to flesh colour, 
furnished with two rows of spines on the anterior border of the segments, except in the middle 
of the dorsum of the ninth and tenth segments and the whole of the eleventh segment where 
spines are absent. ‘The bot-fly is universally distributed and the greater part of stomach larve 
arise from it. 

2: Gastrophilus hemorrhoidalis, the nose bot-fly, is 9 to 11 mm. long, very hairy, brownish-black 
in colour, and also widely distributed. ‘The female lays its black ova usually on the short hairs 
of the lips and inside the nares. The larve are 13 to 16 mm. long, dark red in colour, and have 
no spines in the middle of the dorsal surface of the eighth and ninth and sometimes the seventh 
segments; spines are also absent from the whole of the dorsal surface of the tenth segment, while 
the eleventh segment is completely bare. ‘The larve are found both in the cardiac and pyloric 
sections of the stomach and in the duodenum, and before their evacuation remain for a time in 
the rectum or at the margin of the anus, when they change to a green colour. 
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3. Gastrophilus pecorum is 12 to 15 mm. long, rusty yellow to dark brown. The ova are 
black, and according to Hobmaier. and Wehr are deposited on the fodder and the soil, according 
to Dinulescu on the feet. The larve (Fig. 36) are 13 to 20 mm. long, dark red, and have no 
spines in the centre of the dorsum of the sixth and seventh segments, none at all on the eighth, 
ninth and tenth segments, only one row of spines on the under surface of the tenth, and no spines 
on the eleventh segment. ‘They are found chiefly in the pyloric portion of the abomasum and 
duodenum, and also remain in the rectum for a time before evacuation. 

4. Gastrophilus nasalis (veterinus), throat bot-fly, is 12 to 13 mm. long and chestnut brown. 
The ova are white and are deposited on the hairs chiefly in the region of the larynx and jaw. 
The larve are 13 to 15 mm. long, yellowish-white with red tail ends, and have only one 
row of delicate spines (one each from the second to the ninth segments), the tenth and 
eleventh segments having none.. They are found usually in the duodenum near the pylorus, 
ocasionally in the stomach. 

5. Gastrophilus inermis. ‘The ova are deposited on the hairs of the cheeks and face. 

6. Gastrophilus flavipes occurs in regions on the shores of the Mediterranean and in Asia 
Minor. The larve live in the stomach of asses. 


Development of Gastrophilus. The elongated, conical ova when deposited 
adhere to the hairs in an upward direction (Fig. 37). At the end of the 
third week the semi-transparent larva can be . 
seen;, this emerges from 3 to 5 weeks after 
deposition of the ovum. In warm countries 
it emerges earlier: in South Africa, according to 
Bedford, between the seventh and thirteenth 
days; in America, according to Osborn, Bishop 
and Dove, from the fifth to the tenth day or 


Fic. 36.—Larva oF Gastrophilus pecorum. 
Left, dorsal; right, ventral surface. Natural size. 


more frequently after 14 days. After the larve, 
which are now 1:3 mm. long and transparent, 
have reached the stomach or intestine of the host 


asst) 


they go through three stages of development, yg. 37.—Ovum Sree eee 


during which they cast their skin twice. In the Gastrophilus intestinalis. 
second stage they a 6 to 12 mm. long, and Left, double natural size; right, 
their posterior portion is swollen and. red (with greatly magnified. 


the blood it has sucked from the tissues of the : 
host) and provided with stigmatic plates. In the third stage of development the 
larve acquire their characteristic colour, size and barrel shape, with the hinder 
end truncated, and massive stigmatic plates. After about 10 months the larve 
detach themselves from the mucous membrane of the host (usually between 
May and September, but more commonly in May or June) and are evacuated 
with the faces usually in the morning hours. They enter the pupal stage in 
1 or 2 days after burrowing into the ground. After 30 to 40 days (according 
to Scheben and Schwalc 6 to 8, according to Brauer 4 to 6 weeks, according 
to Hobmaier 32 to 56 days) the mature flies emerge and copulate a few hours 
later without taking nourishment during their whole existence of a few days 
to 3 weeks. ‘The average duration of development is 1 year, that of their 
lodgment in the alimentary canal of the host 10 months. 


Variations of the normal cycle of development are not uncommon. A few mature larve 
may leave the stomach of the host at unusual seasons and attach themselves to the mucous 
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membrane of the rectum between November and April. Also, post-mortem examination may 
show different stages of development in the stomach present simultaneously at all times of the 
year (Hobmaier, Stroh), due partly to the different times in summer and autumn at which the 
larve are ingested, and partly to the variable time required for their complete development. 
In a case observed by the authors in a 5-year-old horse which died of severe anemia in April, 
1,381 larve were found in the stomach, of which 124 were 4 to 5 mm. long and 2 mm. wide, 
204 10 mm. long and 3 mm. wide, 361 18 mm. long and 5 to 6 mm. wide, 692 up to 24 mm. 
long and 8 to g mm. wide. Neumann observed the passage of a larva already in the pupal stage. 

During oviposition the fly hovers a few centimetres from the skin and with great regularity 
deposits fifty or more ova on the hair of anarea the size of the palm of the hand (a total of 400 
to 500 ova), but if she is disturbed the fly, during her restless hovering, may distribute the ova 
irregularly over the whole body of the horse. ‘The ova are firmly fixed to the hairs by an 
adhesive secretion which dries immediately on exposure to air. j 

The ingestion of bot-fly larve in northern regions takes place from June 
till the beginning of October, usually during the warm days of July, August 
and September (in South Africa from January to May, chiefly from Feb- 
ruary to April), at which periods the bot-flies swarm with a buzzing noise 
(except Gastrophilus nasalis) and seek the most accessible parts of the bodies 
of horses, asses and mules kept in the open. In the ova attached to the 
hairs the unhatched larve remain alive for months. In the case of 
Gastrophilus intestinalis the larva escapes from the ovum when the latter is 
opened by the effects of warmth and moisture, together with the results 
of reciprocal biting, rubbing with the lips and gnawing which are possibly 
excited by the active movements of the larva. In other species of 
Gastrophilus the larva emerges spontaneously. After loosening the 
operculum of the ovum the larva forces itself rapidly forwards and that 
of G. intestinalis immediately penetrates the epithelium of the mucous 
membrane of the lips, tongue and gums. The same occurs with G. 
pecorum when it is ingested with the fodder or during ‘sniffing on the 
ground. With other forms of Gastrophilus the hatched larve reach the 
buccal cavity of the host by migrating from the skin or by penetrating 
the epidermis. During their subepithelial wandering in the buccal 
cavity, during which they are nourished from the blood, they cast their 
skin for the first time directly after leaving the tongue. On entering the 
pharynx their hinder ends swell up, so that they break through their 
burrows and project above the surface of the mucous membrane. Then, 
after the second skin casting, their entry into the stomach takes place 
during the act of deglutition. If, however, deglutition does not occur 
at this time some of the larve become attached to the palate, where they 
complete their development. : 

Pathogenesis. Bot-fly larve may be present in the stomach in 
considerable numbers (according to Hobmaier’s observations in 80 horses, 
a total of 30 to 200 in the stomach and duodenum) without causing 
much functional disturbance. ‘This is because they are most often found 
in the fore-stomach, which plays a minor part in digestion and is less 
sensitive. However, when present in considerable quantities (according 
to Hobmaier over 200) and partly situated in the glandular stomach 
they may give rise to digestive disturbance; also when they predominate 


in the glandular stomach in young foals and ill-nourished, overworked 
VOL. I. 17 
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animals or those affected with other diseases. Schmotzer observed 
digestive disturbances in young foals in which there were 50 to 80 
larve. 

At each of the points of attachment, which lie about 1 cm. apart, 
a crateriform pit is formed in the mucous membrane by the hooks of the 
larve and the pressure of their heads. Around the pits the mechanical 
irritation and action of toxins excreted by the larve give rise to a cir- 
cumscribed chronic inflammation with local eosinophilia, hyperplasia of 
the epithelial layer, ulceration at the base, and proliferation of the gastric 
glands, producing a growth with the rieroeepical characters of an ade- 
noma. When extending more deeply these pits may cause a loss of resist- 
ance of the stomach wall. In some cases the larve cause perforation of 


Fic. 38.—Gastrophilus LAxva, AND Habronema IN THE STOMACH, 


a, Ulcers; b, larve adhering to the mucous membrane; c, Habronema microstomum. 


the stomach or duodenum or cesophagus, or injury to the large blood- 
vessels, which may result in fatal hemorrhage. The loss of substance 
may pave the way for various infections. 

In more severe larval invasion the motor and secretory functions 
of the stomach may be interfered with, causing digestive disturbances 
by which gastric or intestinal catarrh, caused either by the larve or by 
secondary bacterial infection, is aggravated. An accumulation of larve 
may occasionally cause pyloric or duodenal stenosis. 

Whether the hemolytic substance found in the larve by Weinberg and also by K. R. and 
R. Seyderhelm and de Kock, and, according to the latter observers, contained in the ex- 


cretions of the larve, influences the constitution of the blood of the host remains uncertain. 
The intravenous or subcutaneous injection of this substance extracted from the bodies of larve 
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(which the Seyderhelms call cestrin) into rabbits and horses caused severe anemia, with a blood 
picture resembling that of pernicious anemia, although Klempin found that in the horse this 
disappeared later. In Cameron’s observations in horses toxic symptoms suggesting anaphylaxis 
were noted (pruritus, colic, urticaria, dyspnoea). 


Anatomical Changes. Bot-fly larve are found in the stomach in * 
variable numbers, from a few specimens up to 200, 500 or 750. Neumann 
counted 1,000 in one case, Velu over 1,000, Wright 1,030, and Marek 
1,381, while Rexilius found the stomach and duodenum and Kater the 
duodenum filled with Gastrophilus larve. Larisch often found 250 to 350 
larve in the duodenum. In the fore-stomach the larve are closely 
aggregated, but in the glandular stomach they are scattered over the 
whole surface of the mucous membrane. The round crateriform pits 
have a diameter of 3 or 4 mm. and present a red base and thickened epi- 
thelial border. After the larve have disappeared the pits produced by 
them remain visible for a time, giving a pock-marked appearance to the 
mucous membrane; later on these are replaced by characteristic circular 
stratified cicatrices. Around the points of attachment of the larve there are 
found in severe cases marked redness and swelling, and sometimes puncti- 
form hemorrhages. In the glandular stomach and duodenum inflamma- 
tory changes with cedematous swelling are seen, varying in degree accord- 
ing to the number of larve present, and sometimes a white deposit is found 
in the mucous membrane caused by epithelial necrosis. Signs of com- * 
mencing or complete perforation of the gastric or intestinal wall are some- 
times found (Schlegel, in a horse with a severe invasion, found more than 
six fully-developed larve upon and underneath the serosa of the spleno- 
gastric ligament and one between the two serous layers near the cesopha- 
geal opening). Dinulescu, in horses of Spanish origin, often found 
larve of a certain species of Gastrophilus which lived for some time 
in the wall of the duodenum, where they caused the formation of 
fibroid growths the size of a walnut with tubular perforations. At the 
beginning of their third stage of development the larve returned to the 
lumen of the gut. 


In two cases Russell Greig observed well-grown larve, identified as those of G. intestinalis, 
attached to the serous surface of the stomach and duodenum. 

Larve in different stages of development are found side by side throughout the year. Accord- 
ing to Stroh, in the transitional month of August, along with fully developed specimens a few 
young blood-red larve may be found from the new invasion. By October the fully developed 
larve have entirely disappeared, while the younger ones are now of different sizes, and after the 
middle of November some of them are more or less fully developed. 


Symptoms. According to the time and degree of invasion and the 
state of nutrition and mode of feeding of the animals the symptoms 
appear towards the end of the period of pasturing or shortly after housing 
in the autumn or sometimes in the course of the winter. The prin- 
cipal symptoms are those of digestive disturbance—variable appetite, 
pallor of the mucous membranes, emaciation, lassitude, and later on 
increasing debility and sometimes colic (according to Larisch this only 
occurs with G. pecorum and G. nasalis). ‘The cardiac impulse is increased 
and the pulse weak. In the absence of treatment cases of severe invasion 
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die from cachexia in 6 to 8 weeks or 2 to 4 months, while mild 
cases recover spontaneously. Kater observed duodenal stenosis in a 
horse, ‘Tegg pyloric stenosis, and Rexilius a case marked by gradually 
increasing cachexia, anorexia and intense thirst (Gastrophilus larva 
cachexia). 

Bot-flies when situated in the rectum cause pruritus ani, increased 
frequency of defecation with straining, sometimes marked restlessness 
and colic, and occasionally prolapse of the rectum. 

In a case of Jacobsen’s, Gastrophilus larve gave rise to difficulty in copulation from the pain 
during erection caused by their situation behind the prepuce. A similar case was reported by 
Aichmayer in which the larve had burrowed into the penis behind the glans. Both cases 
recovered after removal of the larve. 

Gillet observed the evacuation of house-fly larve with the faeces (myiasis intestinalis), the larve 


having been deposited on moist bran fodder and freed in the intestine without causing any 
disturbance of health. 


Bot-fly larve are also found in elephants in India, in the pharynx, cesophagus, stomach 
and intestine. ‘They often cause fatal results. 

Diagnosis. ‘This depends to a great extent on the history of the 
affection (onset shortly after a long period of pasturing or being kept in 
the open) and the negative result of examination of the different organs. 
Further evidence is furnished by the expulsion of bot-fly larve with the 
faeces, or by their detection on the mucous membrane of the rectum by 
rectal examination. This should be performed in all suspected cases, 
as In massive invasions the larve in different stages of development are 
often found adherent to the mucous membrane of the rectum at any time 
of the year, but especially in the autumn and winter months. ‘The prac- 
tical application of the allergic test used by van Es and Schalk, and also 
by Cameron, consisting in the instillation of a few drops of aqueous extract 
of the larve into the conjunctival sac or intracutaneously, requires further 
experimental test (its usefulness is doubted by Lithrs). Round-worm 
infestation can be excluded by the absence of ascarids or their ova in 
the feces. The exclusion of strongylosis is often difficult owing to the small 
number of strongylides present in the feces, and is often only decided 
on post-mortem examination. Infectious anemia attacks horses without 
any distinction as to age, and in chronic cases causes repeated febrile 
attacks with little disturbance of appetite. 

Treatment. Whenever possible this should be carried out from the 
commencement of house feeding in order to prevent the appearance of 
obvious signs of disease. ‘The preliminary treatment consists in all cases 
in depriving the animal of drinking water for 18 to 24 hours, the after- 
treatment in abstinence from both food and water for a period of 4 or 5 
hours after the administration of the vermifuge employed. Expulsion 
of all larve from the stomach and intestine is effected by the internal 
administration of carbon bisulphide in gelatin capsules. For adult 
horses and foals over 2 years old 28:0 grammes can be given in 
a single dose, for foals under 2 years half to a quarter of this dose 
according to their size. It may also be given in two doses of 18:5 grammes 
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with an interval of 2 hours, or in three doses of 14-0 grammes at hourly 
intervals. | 

The capsules may be administered by means of a capsule probang, 
or more suitably with a slightly curved dressing forceps (as used in the 
treatment of distomatosis in cattle). In foals which are not too young 
the capsules can be simply placed on the tongue by the hand, or introduced 
along the hard palate by means of a hollow reed about 15 cm. long split 
at the end and its sharp edges rounded off, the capsule after being lubri- 
cated being held in the split [preferably by a capsule gun]. 

The administration of purgatives is not necessary. The evacuation 
of the larve begins on the day following the administration of carbon 
bisulphide, reaches its climax on the third or fourth day, and is usually 
complete in 10 to 14 days. Repetition of the treatment, however, is 
advisable both in the case of carbon bisulphide and the other parasiticides 
to be mentioned, especially when only a few larve are discharged or 
when their evacuation ceases after 24 hours. 

Equally as reliable as carbon bisulphide are emulsions of wood tar 
(Stockholm tar) or of oil of tar, administered in capsules. Jacobsen 
employs an emulsion of coal tar (15 to 20 or 30 grammes) in linseed 
mucilage three times a day, the last dose being combined with 5 to 10 
grammes of aloes. Tetrachloride of carbon often gives good results 
(according to Laas and Pittin 100 per cent. of cures). It can be given to 
foals in doses of 20 to 50 grammes, and to adult horses in doses of 100 to 
150 grammes (in America 16 grammes per 100 kg. weight in foals, and 
25 to 30 grammes in adult animals). [In Britain these doses are con- 
sidered large.] It is administered by stomach tube, followed by the 
immediate introduction of water into the stomach, or less suitably by the 
oral administration of linseed mucilage. The larve are mostly evacuated 
on the second or third day. Hall and American veterinarians found 
tetrachloride of carbon less efficacious than carbon bisulphide, and also 
observed several severe and even fatal results, with loss of appetite, 
stupor, diarrhoea and slight Jaundice. Demnitz, Laas and Pittin have 
reported similar effects. In America tetrachlorethylene is considered 
superior to tetrachloride of carbon (25 to 30 c.c. per 300 kg. of body 
weight). | 

For the removal of bot-fly larve adhering to the mucous membrane of 
the rectum injections of soap and water, vinegar and water, or dilute 
solution of creolin are efficacious. According to Labat, they can easily 
be removed after smearing the mucous membrane with boric vaseline. 

Prophylaxis. Neither the application of a mixture of tar and lard 
to the places of predilection of the flies nor the use of protective coverings 
for the animal’s head has proved successful. It therefore appears more 
practical to destroy all larve evacuated in the feces or artificially 
removed. Careful attention should also be paid to the skin, especially 
from June to the beginning of October, and when possible the grooming 
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of the animals should be postponed till late in the afternoon (early 
opening of the ova before complete development of larve). Ova should be 
removed from the hairs of the host outside the stalls, feeding and pasture 


places, and places where the animals are tethered, daily if possible or 


in temperate regions at least once a week. ‘The ova are best removed by 
cutting the hairs, which are then burnt. It is also advisable to rub the 
more distal parts of the body (fetlock, coronet) with a rag soaked in 
petrol, to destroy larvae which have already hatched. In America, baths 
of 2 per cent. wood tar and cresol or 2 per cent. carbolic acid are used 
for the destruction of the parasites. As a precautionary measure the 
treatment of all horses which have been exposed to bot-fly infection is 
to be recommended, preferably in the month of October. 


(b) Round Worms in the Stomach of the Horse (Habro- 
nemosis Ventriculi Equorum) 


Occurrence.—Thread worms of the family Spiruride which cause 
pathological changes in the mucous membrane of the stomach and some- 
times disturbance of health in the horse are found with variable frequency 
in all countries. Thus, Habronema megastomum, which is comparatively 
uncommon in Australia, occurs frequently in France, Algeria, India, the 
Congo and North America; and H. musce and H. microstomum are met with 
in 80 per cent. of horses. In Hungary, of 45 horses examined by Egger, 
40 per cent. were infested with H. megastomum, 60 per cent. with H. micro- 
stomum, and 42 per cent. with H. musce. In Germany, Hobmaier found 
12 per cent. of horses examined infested with Habronema. 

AEtiology. Disturbance of health may be caused by various forms 
of Habronema, while Trichostrongylus is practically negligible in this respect. 


Habronema megastomum (Spiroptera megastoma) is a whitish worm with a transversely striped 
cuticle. The male is 7 to 10 mm., the female 10 to 13 mm.long. ‘This worm is easily distin- 
guished from the other species of the genus by its distinct neck. The parasite infests horses, but 
is seldom found in asses and mules. 


Habronema musce. ‘This differs from the above in its yellow colour. ‘The male is 8 to 14 mm., 


the female 13 to 22 mm. long. The vulva is situated towards the anterior third of the body. 
The ova are thin-shelled, semi-cylindrical and curved, and 40 to 50 X10 to 12 w in size. The 
embryo lies at first curled up, but afterwards becomes extended. ‘The hosts are horses, asses 
and mules. 

Habronema microstomum (Spiroptera microstoma). ‘This closely resembles H. musc@, but is larger, 
with alength of 9 to 16 mm. in the male and 15 to 25 in the female. The ova are 45 to 49 X16 up. 
The hosts are horses and other equines. 


Development of Habronema. According to Roubaud and Descazeaux the 
ova, containing embryos, are discharged with the feces in the warmest time of 
the year. ‘They hatch and the embryos are ingested by fly larve which live 
in horse dung—the ova of H. megastomum and H. musce by the larve of 
ordinary house-flies, those of H. microstomum by the larve of the stable fly 
(Stomoxys). After the third day the embryo passes through the wall of the 
alimentary canal of the host-larva into the hemoccele (H. musce) or directly 
from the canal to the Malpighian tubes (H. megastomum), and after undergoing 
two moults in 16 days develops in the mature fly into the infective stage, 
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which then migrates from the hemoccele or the Malpighian tubes and reaches 
the head and finally the labella of the fly. 


Infection takes place in the ordinary way through the agency of flies. 
When a fly carrying Habronema larve in its labella settles on the lips of 
a horse, the larve under the influence of warmth and moisture emerge 
and reach the buccal cavity of the horse. A biting fly infested with 
larve is rendered incapable of biting owing to the increased pressure 
in its proboscis caused by the larve, and is therefore’ compelled 
to feed on the excretions from the mucous membrane of the lips and 
nostrils in the same way as sucking flies. Exceptionally, infection may 
take place from flies which have settled on the fodder or in the 
drinking water. 

Anatomical Changes. H. megastomum gives rise to the formation 
of hard tumours, sometimes as large as a hen’s egg, of locular structure, 
and with oedematous proliferation of the glands of the mucous membrane, 
greyish caseous contents containing groups of worms, and often inflam- 
matory changes and perforation of the mucous membrane covering them. 
These changes are usually limited to the folded borders of the mucous 
membrane, and are sometimes followed by ulceration (Ross). On the 
other hand, H. musce buries its head in the glands of the stomach, while 
H. microstomum is found free in the stomach contents or in contact with the 
mucous membrane; sometimes also with its head attached between the 
gastric glands, where it may give rise to ulceration (Railliet) or thickening 
of the mucous membrane (Dupuy and Prince). | 

Adenomatous growths in the mucous membrane of the stomach caused by Trichostrongylus 
axei (T. extenuatus) have occasionally been observed. According to Hamoir, this worm gives rise 
to hyperplastic gastritis, but Egger, who discovered the presence of 7. axez in 17 per cent. of 


45 Hungarian horses he examined, found no changes in the mucous membrane. Seurat found 
Physocephalus sexalatus (Spiroptera sexalata) in the stomach of horses. 


Symptoms. The general health does not appear to be greatly 
affected. Nock observed digestive disturbances of an indefinite kind 
or symptoms of chronic gastric catarrh in Australia, especially in infestation 
with Habronema microstomum. Ross noted emaciation and general debility, 
and Diem colicky pains during feeding. 

For the detection of Habronema in the stomach Ross and Hodgkins recom- 
mend lavage of the stomach with 15 litres of warm alkaline water (2 per 
cent. bicarbonate of sodium) after a 36-hour fast and 2 days’ diet of water. 
After 5 to 10 minutes the lavage fluid is withdrawn and the last portion 
of it examined for the worms and their ova. For the detection of the ova 
in feces Descazeaux employs an indirect method by making a thick 
suspension of feces with fly’s ova; when these have attained the pupal 
stage Habronema larve can be discovered in them. 

Treatment. Carbon bisulphide may be given in the same way as 
for Gastrophilus larvee (vide supra). According to Wright, Bozievich and 
Underwood it is better to irrigate the stomach with 2 per cent. bicarbonate 
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of sodium solution previously. Tetrachloride of carbon and oil of cheno- 
podium (Ransom and Hall) have also been recommended. ‘These drugs 
are ineffective against H. megastomum. Phenothiazine has recently been 
employed with considerable success. 


(c) Stomach and Intestinal Worm Infestation of Sheep and Goats 


(Trichostrongylidosis Ovium et Caprarum, Strongylosis 
Ventriculi) 


This affection is manifested by indefinite symptoms of digestive dis- 
turbance and malnutrition caused by the presence of trichostrongyles 
in the abomasum and often also in the small in- 
testine. 

Occurrence. ‘ The disease is of widespread distribu- 
tion and is more prevalent in low-lying, marshy districts 
and also on otherwise wholesome pastures if these be 
wet and improperly drained. It affects animals of all 
ages, but is more severe in lambs from 6 to g months of 
age. It is essentially a pasture disease, and is often 
associated with lung-worm and liver-fluke infestation. 
It rarely occurs when the animals are housed. 

AAtiology. The infesting round worms belong to 
the family Trichostrongylide. The most common 
and also the most dangerous of these 1s Hemonchus 
contortus; in certain regions Nematodirus filicollis, Oster- 
tagia circumcincta, Cooperia curticet and others are also 
prevalent. 


Hemonchus contortus ‘(Strongylus contortus). ‘This is a filiform worm 
with two lateral tcoth-like papille near its anterior end and a mouth 
without lips (Fig. 39). The male is 10 to 20 mm. long, with a long 
two-lobed bursa with an asymmetrical dorsal lobe. ‘The female is 20 to 
30 mm. long, pointed at its posterior extremity, with its vulva situated 
in the posterior fifth of the body and is covered by a flap. The white 
Fic. 39.—ANTERIOR _ spiral ovaries can be seen through the posterior portion of the body. The 

EXTREMITY OF ova are 70 to 95 uw long, and segmented at the time of their deposition. 

Hemonchus contortus Nematodirus filicollis (S. filicollis) is a filiform white worm, very thin 

WITH TOOTH-LIKE anteriorly, but thicker posteriorly, with 18 longitudinal ridges and a 

PAPILLZ DIRECTED bare mouth. The male is 8 to 13 mm. long, the female 10 to 24 mm. 

BACKWARDS. The ova (Fig. 40) are elongated, oval, 130 to 200 X 70 to 90 4p in size, 
with 7 to 8 segmentation cells. 

Ostertagia circumcincta. A thin filiform worm. Male 8 to 11 mm., female 10 to 13 mm. long. 
Ova thin-shelled, 70 to 85 X 35 to 45 4 insize. Very widely distributed. ' 

Cooperia curticei (S. curticei). Anterior end usually spiral. Male 4-6 to 5:4 mm., female 5-8 to 
6-2 mm. long, with transverse vulva surrounded by a chitinous ip. Ova 63 to 70 X 30 to 32 yu. 

Trichostrongylus colubriformis (T. instabilis) and others sometimes occur in the stomach. 


Development of the Trichostrongylides. ‘The ova (Fig. 40) passed with the feeces 
(a moderately infested sheep may pass 3 million daily) with sufficient warmth 
and moisture develop in 24 hours, and larve 0-3 to 0-4 mm. long are then 
hatched. These larve feed and grow, and after two moults they reach the 
infective stage under optimum conditions in about 4 days. Under natural 
conditions this may take on an average from 1 to 3 weeks. ‘These infective 
larve are very active, and the cuticle from the second moult, which is not shed, 
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protects them against adverse conditions. After reaching the abomasum or 
small intestine of a suitable host the larve pass through two more moults and in 
2 to 4 weeks are sexually mature. The embryo of Nematodirus filicollis passes 
through two moults while within the ovum, after which it is infective and can 
withstand desiccation and high temperatures for 20 months or more. It leaves 
the ovum at the earliest 24 to 28 days after deposition. 


The power of resistance of the larve is very great. The larve of Ostertagia, Nematodirus and 
Trichostrongylus can withstand drying for 6 weeks to 10 to 15 months (N6ller and Schmid, Piana, 
Lourens, Monnig), while the larve of Hemonchus is much less resistant. In running water the 
larve of Trichostrongylus can live for 7 months; in vessels of water with a layer of mud at the 
bottom larve of Hemonchus and Trichostrongylus live for 34 months in the shade and for 24 months 
in the light; in pots with regularly moistened earth, for 84 to 94 months. They withstand 
the cold of winter without any harm (larve frozen for 10 days were still infective). Ova 
containing embryos ready to hatch are very resistant to drying or freezing. 


Infection takes place chiefly during pasturing from the ingestion of 
ensheathed larve developed from ova deposited with the feces of infested 
animals. Both pasture grasses and drinking water act as carriers of 


Fic. 40.—Ova or StomacH Worms IN SHEEP. 


1, Nematodirus filicollis ; 2,7 Ostertagia circumcincta; 3, Hemonchus contortus; 4, Cooperia curticei ; 
5, Lrichostrongylus instabilts. 


the larve. Infection from pasture land is favoured by the fact that the 
larve collect in the dew or raindrops which are deposited on the blades 
of grass at night and on rainy or foggy days. Pasture-land becomes 
infested every year either by animals which are obviously infested or by 
apparently healthy animals which are carriers of the parasites. Pastures 
also remain infective for considerable. periods owing to the resistant 
powers of the larve. Infection may also occur in housed animals from 
the ingestion of contaminated food or litter. 

Pathogenesis. According to the general conception of the migration 
of the larve, the latter after ingestion pass directly to the abomasum or 
the small intestine, occasionally even to the large intestine (Sprehn). 
The worms bore into the gastric and sometimes the intestinal mucous 
membrane and suck blood from it (according to Martin and Ross, about 
0-015 c.c. of blood per worm), and in this way give rise to gastric catarrh 
and also nutritional disturbances proportional to the number of parasites. 
The continued bleeding from the points of puncture is even more injurious. 
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Grosso’s view that a hemolytic toxin is excreted by the worms is not con- 
firmed by Fourie. In addition to these injurious effects, the lesions in the 
mucous membrane caused by the worms act as portals for bacterial infection. 

Anatomical Changes. Shortly after death in severe infections the 
mucous membrane of the abomasum is of a reddish or chocolate colour 
and covered with a thick layer of mucus enclosing the parasites. At the 
same time there are signs of acute or chronic catarrh and sometimes 
punctiform hemorrhages or ulcers. The contents of the abomasum 
may also be of the same colour and mixed with the parasites. For 
definite determination of the presence of trichostrongylides a suspension 
of the contents in water, or better in warm physiological salt solution, 
must be made and examined microscopically by dark-ground illumination. 
Scrapings from the layer of mucus adhering to the mucous membrane 
or pieces of mucous membrane compressed between two object glasses 
must also be examined for parasites. 

Symptoms. ‘The parasites give rise to symptoms only when they are 
present in several hundreds. The symptoms then appear from 14 to 1g days 
or later after infection. ‘They consist chiefly in nutritional disturbances 
and are manifested by loss of appetite, lassitude, flatulence and diarrhea, 
which in cases running a protracted course tend to subside periodically. 
Other symptoms which may appear are those of anemia, hydremia, 
cachexia, and sometimes colic, convulsions or paretic debility. Conjunc- 
tivitis with discharge is a constant symptom. Kohn observed spasmodic 
contractions in the fore-quarter of a goat and also emaciation. 

The blood changes, according to Fourie, consist in anisocytosis, 
polychromasia, the presence of Jolly bodies, and basophil granulation 
of the red corpuscles, together with the presence of megalocytes and a 
rise in the colour index; later on, poikilocytosis appears as the result of 
commencing deficiency of the bone marrow. Also there is increased 
rapidity of sedimentation of the red blood corpuscles (20 to 30 minutes 
instead of 60 to 70 minutes at 1,500 revolutions of the centrifuge). The 
raised colour index and changes in the red corpuscles render the blood 
picture somewhat similar to that of human pernicious anemia; the absence 
of megaloblasts, hemosiderosis, erythrophagocytosis and myeloid meta- 
plasia, however, presents an essential distinction to this form of anemia. 

The mortality varies from 20 to 100 per cent. (Lourens) or 80 to go 
per cent. (Keller). Very young or weak animals die in a few days from 
acute diarrhoea and loss of strength; other animals survive for several weeks 
or months. Animals which recover, in spite of their healthy appearance, 
remain carriers of the parasites for 2 to 4 years, during which they occa- 
sionally evacuate a few ova (Lourens). In rare cases continued emaciation 
with swelling in the region of the head occurs in such animals, with a 
fatal termination. 

Diagnosis. In consideration of the indefinite clinical symptoms, 
diagnosis depends on the results of cultural demonstration of the larve 
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or microscopical detection of the ova in the feces, and is sometimes only 

confirmed by the results of post-mortem examination of animals which have 
died or been killed. The difficulty of diagnosis is shown by the results 
of experiments made by Seddon and McGrath, who found that the ova 
of Hemonchus do not appear in the feces till at least 29 days after infection, 
those of Ostertagia after 22 days, and those of Trichostrongylus after 25 days. 

In cultural examination (p. 254) at room temperature the first larve 
appear on the glass wall in 4 to 10 days in the form of fine, whitish, mucoid- 
like, ramifying streaks, or sometimes a diffuse deposit with rounded 
masses, in which the larve can be found microscopically. On exposure 
to light the larve begin to crawl back to the feces at the bottom of the 
glass vessel. ‘The extent of the mucoid growth spreading up the sides of 
the glass gives some indication of the degree of infection. Apart from 
autopsies a definite diagnosis can be made only by the identification of 
the ova or of infective larve from fecal cultures. 

Treatment. [Apart from medicinal treatment it is of primary im- 
portance to attend to the proper nutrition of the animal; sheep should 
therefore receive a generous supplementary ration of hay and concentrates 
and overcrowding should be rigorously avoided. 

Recent experience has proved that phenothiazine is an agent of first- 
class importance in the treatment of parasitic gastro-enteritis in sheep. 
It is given in the form of tablet or draught in doses of 15 to 30 grammes 
for sheep; 10 to 15 grammes for lambs over two months old. No pre- 
fasting or aperient treatment is necessary.. The treatment should be 
repeated several times at intervals of about one month. 

With the exception of the copper and nicotine treatment, which still 
has much to recommend it, the other medicinal treatments mentioned 
by the authors are now of relatively minor importance.—ED. | 

Veglia and Green and others in South Africa demonstrated the reli- 
ability of a mixture of copper sulphate and sodium arsenite in the propor- 
tion of 4 to 1 (“‘ wire-worm remedy ’’). ‘This is given in two doses with an 
interval of 24 hours, the single doses being 0-65 gramme for adult sheep, 
0:50 gramme for yearlings, 0:35 gramme for 6 to 10 months old lambs, 
0:25 gramme for 4 to 6 months, and 0-20 gramme for 2 to 4 months lambs 
administered in the fasting condition. Instead of the original mode of 
administration in the form of a powder, which was measured with a 
graduated spoon and placed on the back of the tongue, the mixture 
can be given more conveniently and with more accurate dosage in aqueous 
solution acidified with 5 per cent. concentrated hydrochloric acid, prepared 
with hot water and used when cool. For adult animals the dose is 13 c.c., 
for yearlings 10 c.c., for lambs of 6 to 10 months 7 c.c., 4 to 6 months 
5 c.c., and 2 to 4 months 4.c.c. ‘The solution is administered by a gradu- 
ated syringe with a metal nozzle or a blunt needle and injected between the 
cheek and the molar teeth. Another method is to treat every animal 
with the same dose of 10 c.c., the concentration of which is proportioned 
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to the age of the animal. For the treatment of large numbers of animals 
a graduated cylindrical glass vessel holding several doses of the liquid 
preparation can be used. ‘Through the stopper of the vessel pass three 
tubes, one of which is connected with a large container holding the whole 
bulk of the liquid; another, furnished with a metal nozzle, is passed into 
the buccal cavity (in adult animals for about 10 cm.); the third tube passes 
to the bottom of the graduated cylinder for the admittance of air. During 
the treatment the animal should be backed against a wall and held by an 
assistant, while the operator introduces the nozzle of the tube to the back 
of the tongue with the right hand, while the left hand keeps the mouth 
closed and holds the head in the right position. The danger of poisoning 
in the case of sensitive animals in this procedure is prevented by a pre- 
liminary trial of the treatment in about ten animals. If the results are 
favourable the rest of the sheep can be treated, or as a further precaution 
this can be delayed till after a second trial. When the weather is very cold 
the animals should be kept in an enclosure or under shelter during treat- : 
ment and for a few days afterwards. 

The treatment, by this or any other method, of animals grazed on infested 
pastures should be repeated at monthly intervals (in America, weekly treatment 1s 
recommended in densely pastured areas). 


Details for the treatment of suckling lambs are carried out as follows: At 6 a.m. separate the 
ambs from their mothers; 4 hours later give the first dose; fast them for another 4 hours, and 
hen return them to their mothers till night; remove them again over-night and give the 
tecond dose next morning; fast them for another 4 hours, and then return them to their mothers. 
Suckling lambs should not be treated until a week has Date after the treatment of the 


mothers. 

The following are the details of treatment for other sheep: Withhold food and water at 1 to 
2 p.m. on the first day; at 6 to 10 a.m. on the second day give the first dose and feed at 3 to 5 p.m., 
butwithout water; at 6-.to 10 a.m. on the third day give the second dose; and at 3 to 5 p.m. 
give food but no water. Withhold from food and water till the morning of the fourth day, then 
give food and water as usual. 


Another method of treatment, which has proved very effective in 
America, consists in the administration of a 1 per cent. solution of 
copper sulphate, prepared by dissolving 100 grammes of copper sulphate 
in o°5 litre of boiled water and adding this solution to 10 litres of cold 
water. For yearlings and sheep over 1 year old the dose is 100 c.c., 
for lambs between 3 and 12 months old 50 c.c.; or for animals of 
30 kg. in weight 120 c.c., for those between 20 and go kg. 100 c.c., and 
for those under 20 kg. 80 to go c.c. The treatment is preceded by a 
short period of fasting, and the dose administered by means of a funnel 
and rubber tube with a brass or copper nozzle 15 cm. long. ‘The copper 
solution should be kept in an enamelled bucket and the required dose 
poured into the funnel from a measuring glass or a marked enamel 
spoon. . 

A mixture of copper sulphate and nicotine sulphate (so-called *‘ Gunic 
mixture’”’?) is now much employed. This is prepared by dissolving 
1 gramme of copper sulphate with 1 c.c. of a concentrated (40 per cent.) 
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solution of nicotine sulphate (“‘ blackleaf 40’) in 100 c.c. water. The 
doses are those recommended for the copper sulphate solution alone. 
This treatment is not suitable for very debilitated or very young animals. 
Gordon and McEwen recommend a mixture of 5 grammes copper 
sulphate and 5 c.c. of 40 per cent. solution of nicotine sulphate in 100 c.c. 
of water in a dose of 5 to 20 c.c. (in the case of lambs this treatment is 
not without risk). 

Other drugs which have been used are tetrachlorethylene in doses of 
2°5 to 5 c.c. (Seddon and Ross, Schlingman), and oleum chenopodii in 
doses of 0-2 c.c. per kg. of live weight, in the form of an emulsion with 
150 c.c. of milk (Hall and Foster). According to Craig and Godard, 
thymol is effective in doses of 2 grammes for lambs and 3 grammes for 
yearlings, administered with mucilage and water in the form of an 

emulsion, or given with oil of arachis, ground-nut or pea-nut oil, and 
repeated after an interval of 5 days. 

In view of the fact that a period of about three weeks elapses between 
the ingestion of the infective larve and their reaching sexual maturity 
in the gut, it is advised that animals on infested pastures should receive 
anthelmintic treatment at intervals of about one month. 

Prophylaxis. It is generally believed that, in the absence of grazing 
sheep, infective larve can remain alive on pasture only for a period of 
upwards of twelve months; this period, however, varies very considerably 
in respect of the type of pasture and the conditions of weather which 
prevail. Sunshine and dryness are highly destructive to worm larve, 
and it follows that in damp, ill-drained pastures, especially if the season 
has been particularly wet, the viability of the larve is considerably pro- 
longed. Nevertheless, under ordinary conditions, even heavily infested 
pastures can be rendered relatively safe by removing sheep from them 
for a period of 1 to 2 months. Such pastures can also be “ cleaned ”’ 
by putting them under cultivation or by grazing them with horses or 
mature cattle which do not ordinarily harbour the trichostrongylid 
parasites of sheep and thus destroy large numbers of sheep-worm larve. 
(According to Ransome, even calves possess considerable powers of resist- 
ance against Hemonchus of ovine origin.) 


Based on the fact that relatively few trichostrongylid worms can develop from the egg to 
the infective larval stage in less than 10 to 14 days, a method of progressional grazing has been 
advocated. In this method the lambs are kept in a common flock in folds from October to 
March and may also be pastured together in April. In May the pasture is changed every 2 
weeks, in June every tenth day, and in July and August weekly, in such a manner that the 
preceding pastures are not again used by the sheep during the same year. In September the 
changes of pasture should be repeated at gradually longer intervals. In the following year 
the pastures may again be used in the same order of rotation, the lambs being followed on 
the grazings by older sheep and cattle. In the autumn the adult sheep should be given a 
vermifuge. 

Another prophylactic method consists in dividing the pasture by a narrow neutral zone 
into two portions, one for the lambs, the other for the ewes, the neutral zone being used only 
at intervals for the suckling of the lambs by their mothers. (This method is in many re- 
_spects objectionable and, according to Lewis, lambs kept in this way are not exempt from 
infection.) 
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Stomach-Worm Infestation in Deer. Hemonchus contortus, Oster- 
tagia and Nematodirus filicollis sometimes cause parasitic gastritis in deer 
which is frequently fatal. In severe infections there is hydramic cachexia. 
The treatment of these animals, as of wild-living ruminants in general, 
is limited to the administration of salt licks containing the required ver- 
mifuge. According to Freund and Miller parasitic gastritis also occurs 
in camels and dromedaries. 


(d) Stomach-Worm Infestation in Cattle (Trichostrongylosis 
Bovum) 


Occurrence. ‘Trichostrongyles are frequently found in the abomasum - 
of cattle, but they only exert a pathological action when present in large 
numbers. The majority of serious infestations occur in young animals 
at pasture. Occasionally they give rise to enzootics, often in association 
with parasitic bronchitis. At the Berlin abattoir Ostertag found Oster- 
tagia ostertagi in go per cent. of slaughtered cattle. 


According to Schnyder, the disease which affects 0:2 per cent. of the local cattle in the neigh- 
bourhood of the lake of Zurich, and is known as “ Kaltbrandigkeit,” is a form of strongylosis; 
but according to Bang, these cases often arise from complication with paratuberculous enteritis. 
However, there is definite evidence that symptoms identical with those of ‘‘ Kaltbrandigkeit ” 
may be produced by trichostrongyles alone, as in the cases described by Robsien in Guatemala, 
and also in the affection occurring in marshy regions of Germany known as “ grass sickness ” 
(Miiller, Noller and Schmid). 


Etiology. As a rule there are several forms of trichostrongyles 
found in the abomasum—namely, Ostertagia ostertagi, T. axet (extenu- 
atus), Hemonchus contortus; and in the small intestine, Cooperia curticet, 
C’. oncophora, etc. 

The development, mode of infection and pathogenesis of these parasites 
are on the whole similar to what has already been described in the case 
of trichostrongyles of sheep (vide supra). 

Anatomical Changes. The mucous membrane of the abomasum 
shows either macular or diffuse redness, often deposits of fibrin or blood 
clots, and is raised in loose folds owing to serous infiltration of the submu- 
cosa. The “ worm nodules” appear as small greyish nodules the size of 
a pin’s head and with a minute central vesicle. Sometimes hemorrhagic 
erosions are seen. The mucous membrane of the duodenum shows the 
same changes, but in a lesser degree. ‘The parasites can be found in the 
contents of the stomach and small intestine in the same way as in sheep 
(vide supra). 

Symptoms. Clinical symptoms usually appear in the late summer 
or beginning of autumn, occasionally earlier (in an instance observed by 
Christiansen, about a month after removal to an infected meadow). 
Cases may also occur where the animals present only slight symptoms 


TRICGHOSTRONGYLOSIS > 271 


of nutritional and digestive disturbance when housed during the winter, 
but more severe symptoms on their next removal to pasture. The 
symptoms are similar to those which occur in sheep (vzde supra), except 
that digestive disturbances are more prominent and are manifested by 
repeated attacks of watery diarrhoea, loss of appetite, reduced rumination 
and intense thirst, which may result in progressive emaciation, atrophy 
of the masticatory muscles and unevenness of the molar teeth (Miller). 
Occasionally the development of cedema of the larynx may lead to a fatal 
termination. 

The mortality varies considerably according to the region and the 
course of the infestation, the weather conditions at the time of pasturing 
and the nature of the winter feeding. There are great differences in 
mortality between slight and massive infestations. Christiansen observed 
18 deaths from cachexia among 67 calves. In Kreise Eiderstadt 325 
animals died from ‘“ grass sickness’? in I year, and 301 animals were 
sold as of inferior quality. Calves which have recovered are of reduced 
food value. 

Diagnosis. In the living animal a definite diagnosis can be made only 
by microscopic detection of the trichostrongyles and eggs in the feces 
by means of the appropriate methods (Ziehl-Neelsen staining of 
specimens from feces, mucus shreds and scrapings from the mucous 
membrane of the rectum, allergic test, the principal differential 
diagnosis being from paratuberculous enteritis, Johne’s disease). (See 
Mol sk? 

Treatment and Prophylaxis. The therapeutic and prophylactic 
measures described for sheep may also be applied to cattle. The dose of 
phenothiazine for young stock is 30 grammes and for calves 15 to 20 
grammes; of the copper and nicotine sulphate mixture calves may be 
given 100 to 200 C.c. 


(e) Stomach-Worm Infestation of Swine (Hyostrongylosis 
Suum) 


In this affection there is an acute or chronic catarrhal, croupous or 
diphtheroid inflammation of the stomach, with consequent disturbance 
in nutrition, caused by AHyostrongylus rubidus, belonging to the family 
Trichostrongylide. 

Occurrence. ‘This form of strongylosis appears to be fairly wide- 
spread in most countries. In Washington, Hassall and Stiles found 
Hyostrongylus in 25 to 75 per cent., and in Philadelphia Crocker and 
Biester in 60 per cent. of slaughtered pigs. In Germany Oppermann 
reported an enzootic of hyostrongylosis among breeding sows. In several 
regions of Hungary Marek and Kotlan found it in an enzootic form 
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in young swine, and in Russia Skrjabin and Bekensky observed it in 
sucking pigs. 

AEtiology. Hyostrongylus rubidus Giron gylus rubidus) is a small filiform 
worm of a red colour, the male of which is 4 to 7 mm., the female 5 to 9 mm. 
long. It has 40 to 45 longitudinal striations on its transversely striated 
cuticle. The ova are elongated, oval, 7030 p in 
Size 

Development.. The course of development is similar 
to that of other trichostrongylides and the embryos 
passed in the feces develop into infective larve after 

two moults. 
? Sader haa Infestation takes place especially from wet marshy 
dus. pastures, and through drinking from stagnant water 
in puddles and pools, also during confinement in 
damp styes and yards contaminated with manure. Other con- 
ditions which favour infestation are febrile affections, broncho-pneu- 
monia, insufficient or improper feeding, and excessive demands made 
on sows by sucking pigs, all of which lower the power of resistance and 
enable the parasites to invade the mucous membrane and produce severe 
inflammatory changes instead of the simple catarrhal affection which 
would otherwise occur. 

Anatomical Changes. In the fundus and pyloric regions of the 
stomach are found moist, mucoid or fibrinous, or sometimes dry adherent 
deposits on the mucous membrane from a lentil to a florin in size and 
about $ cm. thick, and surrounded by a bright red areola on the mucous 
membrane. In and beneath these areas, and sometimes also on the 
adjacent surface, the brown or reddish worms can be seen. In some cases 
catarrhal changes only are present, with a variable deposit of mucus. 
By means of a lens minute erosions can be seen on the crests of the folds 
of mucous membrane, and also embedded parasites, together with degen- 
eration or necrosis in the immediate neighbourhood. Kotlan and Hirt, 
in a pig after emergency slaughter, found localised gastritis with the forma- 
tion of closely aggregated connective tissue nodules, 4 to 1 cm. in size, 
and projecting 3 to 5 mm. above the surface of the mucous membrane 
These presented a pitted depression at their summit containing yellow 
debris in which worm larve were found. ‘There were also signs of anemia 
and chronic marasmus. 

Symptoms. ‘These are obvious only in cases of severe in- 
vasion, especially in sucking pigs and young animals, and in any 
case are not characteristic. The chief symptoms observed are lassi- 
tude, diminished appetite, and later, continued or intermittent diar- 
rhoea, emaciation and finally marasmus. ‘The disease runs a chronic 
course. 

Diagnosis. ‘This can be confirmed only by microscopic demonstra- 
tion of the ova or infective larve from fecal-cultures, or eventually by 
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post-mortem examination. In this way also, in the presence of croupous- 
diphtheroid gastritis, other diseases such as chronic swine plague can 
be excluded. | 

Treatment. At present no absolutely reliable method of treatment 
for hyostrongylosis in swine is known. The most effective appears to be 
a mixture of iodine with liquid paraffin, 0-5 : 100 (2 c.c. for 1 kg. body 
weight), given after 24 to 36 hours’ fasting and repeated in a week (Vajda) ; 
in this mixture iodine is not easily absorbed. Hoogland and. Seijffers 
reported favourable results from tetrachloride of carbon (1-3 grammes per 


Fic. 42.—Croupous DirpHTHEROID GasTRITIS IN A PIG CAUSED BY Ayostrongylus rubidus 
(AFTER KOTLAN). 


kg. body weight with an equal volume of castor oil). According to Hall, 
this should be administered only in the fasting condition. On account of 
the frequent sensitivity of swine to carbon tetrachloride great care is neces- 
sary in its administration, and it should be given a preliminary trial in one 
animal before applying it to the others. According to Hall, tetrachlor- 
ethylene is also reliable. Oppermann treated sows twice a day for 8 days 


with a mixture of Glauber’s salts and sodium bicarbonate (5 : 1), followed 
VOL. II. 18 
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by one dose of arsenic (0-05 gramme) and calomel (4 grammes). Youatt 
recommends a teaspoonful of oil of turpentine with a little common salt 
to be mixed with the food. According to Foster, the anthelmintics used 
in strongylidosis of sheep can be administered to swine with suitable 
modifications in dosage; for instance, santonin 0:5 to I-o gramme with 
o-5 to 1-5 gramme of calomel. According to Vajda, however, oil of 
turpentine, santonin, oil of chenopodium, copper sulphate with sodium 
arsenite are ineffective in swine owing to the deep penetration of the 
worms into the mucous membrane. 

Prophylaxis. The healthy animals (after examination of their 
feeces for worm ova) should be moved to a clean place under healthier 
conditions, away from chance of gross fecal contamination. ‘The feces 
should be removed daily from the animals’ pens and mixed with unslaked 
lime or stored in a place inaccessible to the animals. The pens should 
be disinfected by removing manure and the top layer of earth and white- 
washing with lime. | 


Other Stomach Worms in Swine. The following worms are parasitic 
in swine: Ascarops (Arduenna) strongylina of the family Spiruride, a thin white 
worm, male 10 to 15 mm., female 16 to 22 mm. long. ‘The ova are thick- 
shelled and oval elliptical, 34 to 39 uw long and 20 p. wide, and 
contain embryos (Fig 43). During their development copro- 
phagous or dung beetles (Onthophagus, Aphodius, Anax) may 
act as intermediate hosts, and pigs become infected by ingest- 
ing these beetles. After reaching the submucosa the larve 
Zo form small nodules; they also penetrate the mucosa and 
Fic. 43.—Ovum give rise to severe ulcerative gastritis. On the other 

or Ascarops hand, Ciurea found groups of one to twenty-seven worms 
strongylina. under the mucous membrane without any marked symptoms. 
Sometimes Ascarops is associated with Hyostrongylus. It is 

often found in wild boars and peccaries. 

Stmondsia paradoxa. ‘This species was found in England by Simmonds 
and in Hungary by v. Ratz. The male is 12 to 15 mm. long and lives 
freely in the stomach cavity or is embedded in the mucous membrane; the 
female is 15 mm. long, and is found in small ulcers or cysts with its head 
projecting into the stomach cavity. ‘The ova are oval or elliptical and 28 to 
29 vu long. | | 

Physocephalus sexalatus. Male 6 to 13 mm., female 13 to 22 mm. long. 
Ova elliptical and slightly flattened at both poles, 34 to 39x15 to 17 pu in size. 
Often found in association with Ascarops without causing any apparent symp- 
toms. Hobmaier observed retarded development in cases of severe invasion 
in young animals. In the course of its development the embryo remains in 
the shell until the ingestion of the ova by coprophagous beetles which are 
intermediate hosts (Geotrupes stercorarius, Scarabeus, Gymnopleurus, etc.), and in 
these it develops into an infective larva and encysts. Should these beetles be in- 
gested by unsuitable hosts such as amphibians, reptiles, birds or small mammals 
the larva becomes encysted again in these hosts. It does not, however, reach 
sexual maturity until it reaches the stomach of its final host (pig, peccary, rabbit 
or hare). 

Gnathostoma hispidum (Cheiracanthus hispidus). Belongs to the family Gnatho- 
stomide. Male 12 to 15 mm., female 22 to 45 mm. long. Cylindrical in shape 
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and furnished with spines. Ova thin-shelled and elliptical, 72 to 74x39 to 42 u 
in size, with a hyaline wart-like projection at one pole (Fig. 44). The worm 
adheres to the mucous membrane of the stomach, or bores : 
into it while its hinder end projects into the lumen. It gives 
rise to severe inflammation of the mucous membrane, which 
by thickening of the wall and dilatation of the stomach 
leads to digestive disturbance and cachexia. | 

Ollulanus tricuspis, or a worm Closely allied to this, is almost 
microscopic in size (only about 0-6 to 1-0 mm. long and 39 to 
44 u thick). It occurs occasionally in swine in an enzootic 
form, and was found by Kotlan and Mocsy in association Fic; 44.— Ovum 
with Hyostrongylus rubidus. It chiefly infests sows, in which or Gnathostoma 
it causes digestive disturbances which are sometimes fatal. ale (AFTER 

age ; IUREA). 

The post-mortem changes are similar to those in the 
hypertrophic gastric catarrh found in hyostrongylosis, but microscopical 
examination shows numerous Ollulanus worms in different stages of develop- 
ment both in the masses of mucus and in the dilated ducts of the affected 
gastric glands. When HAyostrongylus worms are also present they are expelled 
by 0-5 per cent. iodine paraffin, while the Ollulanus worms remain in the stomach. 


ay 


(f) Round Worms in the Stomach of Carnivora 


In dogs, the most common form is Spirocerca sanguinolenta, which is found 
enclosed in tumour-like formations, but seldom gives rise to symptoms of disease 


(see p. 55). 


Occasionally Gastrophilus larve are swallowed by dogs with horse dung, when they settle 
on the mucous membrane of the stomach (Railliet, Hodgkins). Sometimes ascarides and tape 
worms travel from the intestine into the stomach. 


In cats, Ollulanus tricuspis, of the family of Trichostrongylide, is found in the 
stomach (stomach worm of cats). ‘This is a filiform colourless worm. The 
male is 0-7 to 0-8 mm. long, the female 0-8 to 1:0 mm., with three protuberances 
at its posterior end. It infests the surface of the mucous membrane and the 
ducts of the gastric glands, and is occasionally found in the first part of the 
duodenum. The embryo hatches and also develops to the infective stage 
within the uterus of the mother worm. After this.it is deposited. According 
to Cameron, infection takes place by the ingestion of larve, vomited by one cat, 
by another cat in which the worm reaches sexual maturity. Direct infection 
may also occur by the animal ingesting its own: vomit. In cases of severe 
invasion there are symptoms of gastric catarrh. 

In Eastern countries Gnathostoma spinigerum at certain times of the year infests 
cats and other feline animals, especially tigers and leopards. (In India, 
Chandler found it in 31-4 per cent. of cats examined between August and 
November; in 10 per cent. between January and April; between November 
and February it was absent.) The male worm is 10 to 25 mm. long, the female 
g to31 mm. ‘The ova are 60X35 wu. in size and similar to those of G. hispidum 
in swine. The life cycle is not completely known, but the intermediate host 
appears to be a species of Cyclops. Chandler found the larve in the cesophagus, 
and according to this observer groups of one to five worms settle in the stomach 


and give rise to indurated ulcers which eventually usually cause the death of 
the host. | 
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(8) Stomach-Worm Infestation of Rabbits and Hares 


In the stomach of rabbits and hares Graphidium strigosum (Strongylus stri- 
gosus) 1s of frequent occurrence. It is a filiform worm 8 to 16 mm. long 
in the male and 10 to 20 mm. long in the female, which when present in 
large numbers gives rise to anemia, hydraemia and ascites. The ova are 
elliptical, 100 to r10 w long and 56 to 60 pw wide. Infestation takes place 
through the ingestion of infective larve. In an enzootic occurring among 
hares Abspoel found inflammatory changes in the mucous membrane of 
the stomach, which was perforated like a sieve and beset with the red 
filiform worms 2 to 3 cm. long. Similar changes in a large number of 
hares were observed by Schlegel. Hobmaier found Physocephalus sexalatus 
in hares and rabbits (occasional hosts). 

The treatment consists of the usual anthelmintics (see section on 
Tape Worms in Rabbits), and special attention to the hygiene of the 
animals’ quarters. 


In guinea-pigs, Physaloptera muris brasiliensis is found in the stomach. 


(h) Stomach-Worm Infestation in Birds 


In the stomach’ of birds are found various parasitic worms belonging 
to several different families. ‘These often 


cause digestive and -nutritional dis- 
turbances. 

AEtiology. The pathogenic worms 
in birds include members of the genera 
Tetrameres, Acuaria, Streptocara and His- 
tiocephalus of the family Spiruride ; 


Fic. 45.—Ovum Fic. 46.—Ovum members of the genera Aystrichis and 
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fissispina. anseris. : : 
mide; members of the genus T7icho- 


strongylus of the family Trichostrongylide, and of the genus Amidostomum 
of the family Amidostomide. 


Tetrameres fissispina ( Tropisurus fissispinus, Troptdocerca fissispina). Male thin, filiform, 3 to 6 mm. 
long, with four longitudinal rows of spines and two lateral sail-like appendages. ‘The female is 
3 to 6 mm. long, red or brownish-red in colour, and the median part of its body distended with 
ova, which are later found embedded in the gland ducts of the proventriculus in ducks, fowls, pigeons 
and turkeys. The ova are 48 to 56 X26 to 30 » in size and contain a fully developed mobile 
embryo. Other forms are 7. americana (found in chickens in North America), T. confusa (found 
in South America in pigeons, fowls and turkeys),and YT. gigas (found in South America in 
ducks). 

rages development of Tetrameres worms the ova containing the embryos are ingested by various 
arthropods (Daphnia pulex and Gammarus pulex in the case of T. fissispina ; Melanoplus differentialis 
in the case of JT. americana [Henschrecke]), in which they develop into infective larve, and 
after their ingestion by a suitable final host they penetrate the glands of the stomach after 
11 days. 

eee: (Cheilospirura) hamulosa (Spiroptera hamulosa). ‘This has four cuticular bands on the 
anterior end of the body. The male is 12 to 14 mm., the female 16 to 25 mm. long. The ova 
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are “43 to 45 X24 to 25 pw in size and contain a fully developed embryo. ‘The worm is found in 
nodules formed in the gizzard of fowls, pheasants and turkeys. 

Acuaria (Dispharynx) spiralis (Dispharagus spiralis). ‘This has four cuticular bands at its anterior 
end curving forwards at the level of the posterior end of the muscular cesophagus. The male is 
7 to 8-5 mm., the female g to 10 mm. long. The ova are 36 to 40X18toarI winsize. This 
parasite infests fowls, pigeons, turkeys, pheasants and guinea-fowls, and is found in the walls of the 
proventriculus and cesophagus, and sometimes in the intestine. 

Acuaria (Echinurta) uncinata (Dispharagus uncinatus). Male 9 to 10 mm., female 18-5 mm. long. 
Ova 37X20 pw in size, and embryonated when laid. Inhabits the glandular and muscular 
stomachs of ducks, geese and swans. Intermediate host is Daphnia pulex, in which the larve 
develop to the infective stage. 

Development of Acuarid Worms. In land-birds locusts are the intermediate hosts (Melanoplus 
femur-rubrum, M. differentialis of Acuaria spinosa and beetles of Acuaria spiralis); in species found in 
water-fowl, Daphnia pulex and Gammarus are the intermediate hosts. 

Streptocara pectinifera (Spiroptera pectinifera). ‘This is furnished at its anterior end with a den- 
tated cuticular collarette and below this with two semilunar dentated papille. The male is 
4 to 5mm., the female 7 to 9:5 mm. long. ‘The ova are 33 X20 » in size and embryonated when 
laid. The worm inhabits fowls and is located in the glandular ducts of the gizzard, in which it 
causes ulceration. 

Histiocephalus laticaudatus. Male 6 to 11 mm., female 7 to14mm.long. Inhabits the glandular 
stomach of fowls and ducks. Development unknown. 

Habronema incertum (Spiroptera incerta). Male 8 to 12 mm., female 14 mm. long. Inhabits 
the glandular stomach of parrots. 

Hystrichis tricolor. Furnished with forty to forty-two rows of spines at the head and neck. 
Head end slightly swollen. Male 25 mm., female 27 to 42 mm. long. Ova 85 to 88 x 36 to 42 u 
in size, slightly flattened at both poles, with a wart-like papilla and thick shell. Inhabits the 
proventriculus of ducks. Development unknown. Intermediate hosts probably certain forms 
of fishes. 

Eustrongylides tubifex (Hystrichis tubifex). Furnished with 12 to 18 papille in two rows at head 
‘end. Male 34 mm., female 35 to 44 mm. long. Ova 65 to 75 X44 pu in size, with thick shell. 
Inhabits aquatic birds. Intermediate host probably a fish. 

Eustrongylides elegans. Male 18 to 53 mm., female 25 to 36 mm. in size. Ova 60 to 
70 x 33 to 38 w in size. Inhabits the glandular stomach of aquatic birds. Development 
unknown. 

Amidostomum anseris (A. nodulosum). A reddish or greyish worm with three pointed teeth at 
the base of the buccal capsule. Male 10 to 18 mm., female 12 to 24 mm. long. Ova 85 to 
110 x 50 to 80 yp in size, with 16 to 32 segmentation cells. Inhabits the gizzard of geese and 
ducks. ‘The ova are discharged with the faeces, and under the influence of warmth and moisture 
develop embryos in 36 to 48 hours. Their further development after escape from the ova is 
not yet accurately known, but it is probable that after two moults they become infective larve 
which retain their infectivity in moist soil or water for several weeks or months. The worm 
causes pathological changes by sucking the blood of the host, by mechanical interference with the 
gastric functions, and also by the formation of toxins. 

Libyostrongylus douglassii (Ornithostrongylus douglassit). A filiform yellow worm. Male 4 to 7 
mm., female 5 to 6 mm. long. Ova 60 to 74x 36 to 44 yp in size, segmenting when laid. In- 
habits the proventriculus of the ostrich in South Africa. After two moults in the free state the 
larve become infective and these reach sexual maturity in the host in 35. days. The ova and 
larve have great power of resistance and can resist desiccation for 2 years. In the evacuated 
feces they can live for 14 to 17 months, in moist air for 15 months, and in water for 13 months. 
They withstand freezing for 11 days. 


Infestation by the larve of stomach worms is conveyed in the case of 
Amidostomum (goose) and Libyostrongylus (ostrich) through the food and 
drinking water becoming contaminated by the faeces of infested birds or 
worm carriers. In this connection it is important to note that birds which 
have recovered and those older birds which, in spite of the ingestion of 
worms, have not suffered from manifest disease may still carry worms in 
their stomachs. It is usually young geese and ostriches which suffer 
most. Ducks, owing to their normally “‘ unhygienic ’’ conditions, have 
acquired a certain degree of immunity to infection. : 

Infestation by other forms of stomach worms takes place through inter- 
mediate hosts belonging to the lower forms of animal life; for instance, 
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Tetrameres is transmitted to water-fowls by small crustaceans living in 
stagnant water (Daphnia and Gammarus pulex) and to fowls by locusts. 
Acuaria hamulosa and A. spiralis are also transmitted by locusts and beetles 
to fowls, turkeys and pheasants, etc., and to water-fowl by Daphnia. Hys- 
trichis and Eustrongylides are probably conveyed by fish, while in the case 
of Streptocara, Histiocephalus and Habronema there is no evidence of the mode 
of invasion. 

Anatomical Changes. In infections of both land-birds and water- 
fowl with ¢etramerid worms the males are found in the mucoid coating of 
the gastric glands, and the females partly adherent to the mucous mem- 
brane and partly embedded by their heads in the ducts of the gastric 
glands, which become completely filled and dilated by the thicker middle 
portion of the worms. In heavy infections ulceration of the mucous 
membrane is observed, and also the formation of purplish or brownish- 
red cysts, each of which contains a red or brownish worm, which, in 
scrapings from the mucous membrane, can be seen as a reddish-brown 
granule the size of a pin’s head. Owing to the loss of blood sucked by the 
parasites and the obstruction they cause to the gastric glands the birds 
suffer from anemia and emaciation. 

In acuariosis changes are found in the glandular or muscular stomach, 
or in both. In land birds the glandular stomach is enlarged and its 
mucous membrane thickened. In heavy infestations the worms penetrate 
the mucous membrane and produce a characteristic villous appearance, 
while the inner surface of the muscular stomach is rough and fissured. 
In a pigeon infested with acuarid worms the glandular stomach was 
almost completely filled by an adeno-papillomatous growth. In other 
cases, including those in water-fowl, cystic formations the size of a 
pea or hazel nut are found under the mucous membrane or projecting 
above its surface, the openings of which into the stomach being difficult 
to find. The contents of these cysts are sanguineous, yellowish or 
caseous, and contain the rolled-up worms. Ulcers with raised borders 
of granulation tissue and bases covered with blood or necrotic tissue 
may also be found. Rupture or diverticula formation of the gastric 
glands due to thinning of their walls has also been observed in fowls (Le 
Roux). 

In hystrichidosis of ducks dark brown foci the size of a hazel nut and 
surrounded by a connective tissue capsule are found on the outer surface 
of the glandular stomach. These foci are formed in the sinuous ducts 
of the glands and each contains a worm the head of which, or 
sometimes both the head and tail, protrude into the lumen of the 
stomach through separate openings. At other places the wall of the 
stomach is thickened. Similar changes may be caused by eustrongylid 
worms. 

Amidostomosis in geese gives rise to characteristic changes, usually 
at the junction of the glandular with the muscular stomach, but in severe 
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cases at other parts of the latter and especially in the pyloric region. In 
these situations are found roundish deposits sometimes as large as a 
shilling. ‘These are red or dark brown in colour, sometimes slimy and 
resembling a blood clot, sometimes friable and disintegrating. ‘They are 
due to destruction of the keratinoid layer of the mucous membrane and 
are easily removed in the form of crumbling necrotic masses. After their 
removal the worms can be seen in large numbers in the fissures and cavities 
underneath, either scattered or aggregated in clumps, with their heads 
embedded in the denuded mucous membrane and their bodies free or 
buried in necrotic masses. The histological changes are those of super- 
ficial hypertrophic gastritis with mononuclear cell infiltration, slight 
increase of connective tissue, and enlargement of the gland ducts. 

In trichostrong ylosis of ostriches the worms cause thickening of the mucous 
membrane of the proventriculus by their irritant action on the gland 
ducts. In older birds especially the worms form a dense coating on the 
mucous membrane. 

Habronemosis in parrots causes destruction of the glands of the proven- 
triculus, obstruction of their ducts, gastritis and occasionally rupture of 
the stomach. 

In streptocarosis of fowls, ulcers with raised borders and sanguineous 
bases and also brownish deposits containing the embedded worms are 
found in the gizzard. | 

Symptoms. If the worms are few in number symptoms of disease 
are usually absent; even in mass invasions it is chiefly or exclusively 
young birds which are affected, and among these, as in every form of worm 
invasion, the disease may assume an enzootic form. 

The principal symptoms are progressive emaciation, anemia and 
lassitude, with heavy and uncertain gait. Diarrhoea may be present 
from the first or may occur later. ‘The appetite may be unchanged or even 
increased (in acuariosis, streptocarosis and amidostomosis), or may be 
more or less diminished. In acuariosis of ducks, dysphagia is sometimes 
observed; in streptocarosis of fowls, diarrhoea with undigested food in 
the evacuations; in trichostrongylosis of ostriches, deposits of lime salts 
in the feces shortly before death; in hystrichidosis of ducks, dyspnoea 
with the beak held open; in amidostomosis of geese, movements resembling 
those of cerebellar ataxia. 

The disease often runs a chronic course, extending over 4 to 6 or more 
weeks till death takes place from cachexia. On the other hand, it may be 
of short duration, especially in acuariosis of ducks during the summer and 
early autumn, when the birds refuse food, appear dull and listless, with 
staggering gait and glazed eyes, and sometimes die soon after the first 
day of illness. In amidostomosis of geese (especially in young goslings 
from 3 to 8 weeks old and in the months of May and June) the disease 
may also pursue a fatal course after severe invasion in 3 to 5 days, while in 
older birds after only moderate invasion the appetite may remain good, 
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although there is increasing emaciation and retarded development, which 
may be terminated fatally by severe and continuous diarrhcea. 

The mortality varies according to the species of worm concerned, the 
severity of the invasion and the age of the bird infested. It may cause 
the loss of only a few birds, but much more often 10 to 25 per cent., and 
sometimes the whole of the flock is affected. Those which recover often 
remain worm carriers. 7 

Diagnosis. Because of the indefinite nature of the symptoms, from 
which the presence of stomach-worm infestation cannot be more than 
suspected, a definite diagnosis can be made only from microscopic 
examination of the feces for worm ova (p. 253). For practical purposes 
the diagnosis must often depend upon the results of post-mortem examina- 
tion of birds which have died or have been killed for the purpose of 
diagnosis. 

Treatment. Owing to their usually deep situation in the gland 
ducts and in tissues of the mucous membrane of the stomach, and some- 
times under a thick coating of necrotic tissue, stomach worms are well 
protected from the action of anthelmintic remedies and are therefore 
difficult to expel. In any case, vermifuges should not be administered 
till after a period of 24 hours’ fasting. ‘The best results are often obtained 
with carbon tetrachloride, which is well borne by birds and can be 
given according to size in doses of 0-5 to 2 c.c. in gelatin capsules 
in one or two doses. Schmid and Ullrich administer this drug with 
5 to 8 c.c. of thin gruel or liquid parffin by means of a syringe and 
rubber tube passed into the crop, the vermifuge being injected first and 
the diluent afterwards. Ullrich reported successful results in amido- 
stomosis after a single dose of carbon tetrachloride administered in this 
way; confirmed by repeated examination for worm ova for 14 days. 
Tetrachlorethylene may also be given (for fowls, five capsules of 0-2 
gramme, repeated if necessary). Aralban (a combination of iodine 
with tetrachloride of carbon) is also effective, especially in amidostomosis 
of geese, to which it can be administered either in gelatin capsules or by 
injection into the crop. Otte recommends a mixture of 0-2 gramme oil 
of chenopodium, 0-05 gramme naphthalene, 2 grammes oil of turpentine, 
and 6 grammes of olive oil (for young birds half the quantity), especially 
when many birds have to be treated. Colucci employs oil of turpentine 
in gelatin capsules in doses of 0-2 gramme twice daily for several con- 
secutive days; v. Heelsbergen, 1 to 2 teaspoonfuls of equal parts of oil of 
turpentine and olive oil. In the stomach-worm infestation of ostriches 
good results have been obtained with a mixture of equal parts of slaked 
lime and ammonium chloride (for birds upwards of 6 weeks old 1 tea- 
spoonful, for those over 9 months a heaped teaspoonful, and for adults 
14. to 28 grammes, dissolved in water). Liquid paraffin is sometimes 
given afterwards to hasten the evacuation of the parasites, but this is not 
always reliable. 
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Prophylaxis. ‘his comprises daily cleaning of the birds’ quarters 
and thorough destruction of feces (by burning) especially for 2 or 3 days 
after evacuation of worms. In the case of worms with no intermediate 
hosts during their development (amidostomosis in geese, trichostrongy- 
losis in ostriches) separate runs and pastures should be provided for the 
young birds, their food should be kept clean and dry, drinking troughs 
cleaned with hot water or soda solution, and pools of water drained. 
Brooding geese which are known to be worm carriers should be treated 
with 2 to 3 c.c. of tetrachloride of carbon at the beginning of the breeding 
season. On ostrich farms the following measures have proved effective: 
Exclusion of the young birds from pastures formerly used by ostriches; 
nutritious diet for the adult birds; cleansing and disinfection of the quarters 
for young birds after removal of a layer of soil 7 to 8 cm. deep; feeding 
of the young birds with fodder obtained at a distance from their quarters; 
daily cleansing of houses inhabited by birds in common; admittance 
to young birds’ quarters only of chickens artificially hatched or of those 
directly taken from the nest after hatching; exclusion of worm carriers 
(after cultural examination for worm larve, p. 254) from pens or pastures 
used by the young ostriches. In the case of worms with intermediate 
hosts (tetramerosis, acuariosis, hystrichidosis, eustrongylidosis) water- 
fowl should as far as possible be kept away from stagnant water and from 
waters containing fish. 


(i) Tape Worms in the Intestine (Cestodes) 


Tape worms were regarded as band-like colonies of individuals forming 
a chain (strobila) of segments (proglottides). Behind the head or scolex, 
longitudinal growth and transverse division give rise to the segments which 
form the chain. The further the segments are situated from the head 
the more mature they become, and in the last segments of the chain uteri 
filled with eggs can be clearly seen. ‘There is now a tendency to regaid 
the tape worm as an individual animal which detaches separate parts 
of its body during its continual growth in length. Each mature segment 
is hermaphroditic, and in the tenioid tape worms the genital pore is 
usually situated on the lateral margin of the segments. In the bothrio- 
cephalid tape worms the genital pore is situated on the ventral surface 
of each segment. 


Development of Tape Worms. After ingestion of the ova by an interme- 
diate host the shells are dissolved in the stomach and the free embryo (oncosphere) 
perforates the wall of the stomach or intestine and becomes located in one of 
the organs. In tenioid cestodes this develops into a “ bladder worm ” with 
a scolex or scolices bearing suckers and fluid contents enclosed in a thin-walled 
bladder. In other cases it develops into a dithyridium, with a scolex invaginated 
into a long body, but no bladder; or into a cysticercoid, with a rounded body 
and retracted scolex; or into cercocystis with a tail-like appendage which 
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disappears later in the form of cryptocystis. ‘The embryos of the Diphyllobo- 
thriide develop into plerocercoids. In the stomach of a final host the scolex 
first protrudes, the bladder becomes digested, and the free head attaches itself 
to the mucous membrane of the intestine and commences to develop seg- 
ments. After fertilisation the ova containing the embryos, and enclosed in 
the detached segments of the tape worm, are evacuated in the feces of the 
host. ‘The segments remain alive on the soil, grass or straw for a few days only, 
but the thick-shelled ova, in conditions of sufficient moisture, remain alive much 
longer (from the experiments of Leuckart, R6ll and Gerlach as long as 5 weeks), 
but lose their power of development on exposure to sunlight in a day (Leuckart) 
and after desiccation in 14 days. According to Dévé, the ova of Echinococcus 
can resist freezing for 4 months. Diphyllobothrium deposits its ova in the intéstine 


of the final host. 


The pathological action of tape worms is due partly to the withdrawal 
of nutriment from the host, partly to the effect of their toxins, partly to 
the mechanical irritation of the mucous membrane, and sometimes to | 
intestinal obstruction. However, severe symptoms occur as a rule only 
in the case of mass infestation. 


(a) Tape Worms in Horses (Teeniosis Equi) 


Etiology. The hookless tenize belonging to the family Anoplo- 
cephalide consist of wide, short segments (trapezoid) with lateral genital 


apertures. 


Anoplocephala perfoliata (Tenia perfoliata). 2°5 to 8cm. long. Head 2 to 3 mm. thick, with 
4 strong suckers and small lappet behind each. Ova round or polygonal, 65 to 80 pin size, 
Embryo with two horn-like processes. Lives in the small and large intestine of the horse, ass, 
mule and zebra. 

Anoplocephala magna (Tenia plicata). 9 to 80 cm. long. Head rather large (4 to 6 mm.), 
with no lappets behind the suckers. Ova 50 to 60 uw wide, round or polygonal. Lives in small 
* intestine and rarely in stomach of horse, ass, mule and zebra. 

Anoplocephala mamillana (Tenia mamillana). 0-5 to 6 cm. long. Head very small (0-7 mm.), 

with slit-like suckers. Ova ovoid or polygonal, 88x56 « wide. Lives in small intestine of 
horse. 
The incidence of tape worms in horses varies in different regions. According to Stroh, 55-9 per 
cent. of 2,012 slaughtered horses in Augsburg were found to be tape-worm carriers, 51:9 per cent. of 
which were infested with A. perfoliata, 11-4 per cent. with A. mamillana, and 2:3 per cent. with 
A. magna, the percentage of the different forms being 79:1 for A. perfoliata, 17-3 for A. mamillana, 
and 36 for A.magna. Inrural districts 63-8 per cent. of the horses were infested with tape worms, 
in urban districts only 29°6 per cent. ‘The incidence of tape-worm invasion was found to diminish 
in March and April and increase in late autumn. In France, Salieux found 2°5 per cent. of 2,400 
slaughtered horses to be tape-worm carriers, of which 17°5 per cent. were infested with A. perfoliata, 
2°79 per cent. with A. magna, and 0-12 per cent. with A. mamillana. According to Blumberg, 
tape worms are found in 10 per cent. of the horses in Russia. 

The development of horse tape worms is not fully known, but probably involves grass mites 
as in the case of Moniezia (p. 284). It has been suggested that insects or worms are inter- 
mediate hosts. The resisting power of the ova appears to be great, as in Stroh’ s observations 
the ova in dried proglottides remained alive for months. 


Anatomical Changes. When numerous tape worms are present 
in the intestines (often two or all three of the different forms) dilatations 


are found containing the worms chiefly in the first part of the duodenum. 
More rarely acute intestinal occlusion may be caused by agglomerations 
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of worms, or rupture of the intestine with fatal peritonitis. Sometimes 
the rupture occurs at the attachment of the mesentery, and gives rise 
to an intramesenteric pseudo-diverticulum. Hemmert-Halswick observed 
a case of diphtheroid inflammation at the ileo-cecal valve resulting from 
mass invasion by A. perfoliata. 

Symptoms. Comparatively rarely, chronic digestive disturbances 
are observed, with emaciation and anemia (possibly due to sub- 
stances causing blood changes), coarseness of the coat, and sometimes 
attacks of colic. In such cases death may occur in 1 to 14 months 
from cachexia or acute peritonitis. Such complications, which affect 
young and debilitated animals especially, may appear in enzootic form, 
sometimes affecting 5 to 20 per cent. of a stud. 

Diagnosis. A definite diagnosis can be made from the evacuated 
ripe proglottides, or more rarely of the whole worm, or by micro- 
scopic examination of the feces for ova by means of a concentration 
method. 

Treatment. The worms can be fairly easily expelled by purgatives 
such as aloes (20 to 35 grammes), tartar emetic (5 to 15 grammes, or 
30 grammes in divided doses). More reliable, after 36 hours’ fasting, 
are oil of turpentine (according to Wright’s method, 60 c.c. for the first 
dose, then 30 c.c. repeated after an interval of 2 days, and after the 
last dose 1,000 grammes of linseed oil), arsenic in increasing doses from 
0-3 gramme (continued for 1 or 2 weeks), areca nut (freshly powdered, 
30 to 45 grammes, followed in 4 to 5 hours. by a purgative), kamala 
(30 grammes), extractum filicis maris (12 to 20 grammes directly before 
or after linseed oil), thymol (10 grammes daily for 4 to 5 days on an empty 
stomach and repeated if necessary in 1 or 2 weeks). These remedies 
are badly tolerated by very young or very old animals, or those suffering 
from gastro-enteritis or which are in an exhausted or febrile condition. 
Also caution is necessary in the treatment of pregnant mares. 


(8) Tape Worms in Cattle (Teniosis Bovis) 


Etiology. The tape worms which infest cattle belong to the genus 
Moniezia of the family Anoplocephalide. The worms of this genus 
consist of wide short segments, and are furnished with large suckers and 
with two sets of genital organs in each segment. The embryo within 
the ovum has two horn-like processes, usually with a terminal cap. 


Moniezia denticulata (Tenia denticulata). 25 to 80 cm., occasionally 1-7 to 2-5 metres long, with 
large head (1°15 to 1-4 mm.); suckers directed forwards; ova round or polygonal, 60 to 88 pw in 
diameter. 

Montezia oepansa (T. expansa). 1 to 10 metres long; head small (0-36 to 0-8 mm.), pear or club- 
shaped, with prominent cleft suckers. Interproglottidal glands saccular (Fig. 47); ova 50 to 70 
in diameter. 
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Moniezia benedeni. Up to 4 metres or more in length; head rather large (1 mm.). Inter- 
proglottidal glands linear. 

In addition the following forms have been described: Avitellina centripunctata, Stilesia globi- 
- punctata, S. hepatica, Thysanosoma actinioides, Thysaniezia giardt. 

The development of tape worms of ruminants has for long remained 
unknown. It has now been shown that in the case of Moniezia expansa 
certain grass (oribatid) mites act as intermediate hosts. The worm 
eggs on being passed out with the feces are ingested by a mite, in the 
body of which they hatch and develop into a cysticercoid, The 
mites are in turn ingested by a susceptible animal (calf, lamb, etc.). 
Heavy infestation may occur in very young animals. 


I Symptoms. As a rule symptoms are absent, but 

Fic. 47.—Moniezia ; : ; ; ; ; : 
expansa (MATURE in the case of infestation with M. denticulata digestive 
SEGMENTS). disturbances, anaemia, emaciation and chronic flatu- 
lence may occur, and occasionally epileptiform attacks. 
Treatment. ‘The same drugs can be used as those recommended 
for horses (vide supra). ‘The copper sulphate and nicotine sulphate 

mixture (pp. 268, 269) has proved very effective. 


(y) Tape Worms in Sheep and Goats (Teniosis Ovis et 
Capre) 


Etiology. The most frequent members of the Anoplocephalide 
which infest sheep are Moniezia expansa, M. benedem, and M. denticulata; 
Thysanosoma actinioides (common in North America), Avitellina centri- 
punctata, Stilesia globipunctata, S. hepatica and Thysaniezia giardi. ‘The 
most important of these is Montezia expansa, which infests lambs and kids 
in the summer, and is sometimes found in older sheep. The animals 
most frequently attacked are those grazing on damp pastures. Infestation 
is less common during house feeding, but sometimes occurs in very young 
animals. Spinola found a worm ro metres long in a four weeks old 
lamb. According to Seddon’s observations soil infested with sheep 
tape worms may retain its infectivity for 11 months. 

For the mode of development and conditions of invasion vide 
supra. 

Symptoms. These commence with slight digestive disturbances, 
which are followed by listlessness, emaciation, retarded development, 
anemia, loss of wool, sometimes colic, and later, frequent tenesmus or 
diarrhoea. Finally the animals become cachectic or die after a short 
period of sickness from intestinal obstruction caused by accumulations 
of worms. [In Britain teniosis of lambs is almost wholly confined 
to the months of June to September inclusive.| Lambs, after their 
introduction to infested pastures, begin to pass worm ova and _ pro- 
elottides in the faeces in 40 to 50 days, and this continues for 20 to 30 
days (death of tape worm) unless reinfestation has taken place. It is 
stated that reinfestation does not occur in animals after recovery, owing 
to acquired immunity. 
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Treatment. In South Africa good results have been obtained with 
a mixture of copper sulphate and sodium arsenite (p. 267), and in 
America, according to Hall, with a mixture of copper sulphate and 
nicotine sulphate recommended for stomach-worm infestation (p. 268). 
In Hungary, monekil (methyl-arsenate of copper) has proved effective 
- administered in tablets by means of forceps in the early morning after 
12 hours’ fasting; no food to be given for 5 hours afterwards. In 
Brandenberg’s experience a mixture of kamala and copper sulphate (4: 1) 
has proved effective in doses of 6 grammes 
for adult animals, 4 grammes for yearlings, 
2°5 grammes for lambs of 15 to 22 kg. 
weight, 2 grammes for lambs under 15 kg. 
It is best given in gelatin capsules after 16 to 
24 hours’ fasting, and preceded when possible 

: i ae Ova oF Moniezia. 
by feeding on a ration containing plenty of Fic. 48 a 
water. Freeborn and Berry recommend the ag. genedeni. Mi a 
‘““Cunic mixture,” consisting of equal parts 
of i per cent. copper sulphate and 40 per cent. nicotine sulphate 
(blackleaf 40) in water—for adult animals 120 c.c., for younger animals 
gradually diminishing doses to 60 c.c. Also kamala alone (4 to 6 
grammes) may prove effective. After administration of an anthel- 
mntic the animal should be kept in a pen or in-an enclosure for 
3 days, so that the evacuations may be collected and destroyed by 
burning, etc. 

Prophylaxis. This consists in the first place in keeping sheep, 
especially lambs, away from infested pastures. Skrjabin and Schulz 
recommend treatment of all sheep put on suspected pastures for 30 to 
40 days with a 1-25 per cent. solution of copper sulphate (10 to 15 c.c. up 
to the age of 20 days, 15 to 20 c.c. up to 1 month, 20 to 25 c.c. up to 
2 months, 25 to 30 c.c. up to 24 months, 30 to 35 c.c. up to 3 months, 40 to 
50 c.c. up to 4. to 6 months, 75 c.c. up to 12 months, 80 to 100 c.c. for adult 
animals), followed in 2 to 3 hours by 20 to 30 grammes of sodium sulphate. 

The lambs should be removed from their mothers 10 to 12 hours 
before treatment and returned after administration of the purgative. 
Three days later they should be removed to new pastures. The pastures 
used during this treatment should not be used for young ruminants 
during the following year. 


pie 


(6) Tape Worms in the Dog (Tzniosis, Bothriocephalosis Canis) 


Etiology. ‘The tape worms which infest dogs include members of 
the families Tzniide, Diphyllobothride, and Mesocestoidide. 
Tenia pisiformis (T. serrata). 05 to 2:0 metres long. Head small, with a crown of 34 to 48 


hooks (225 to 294 win size). Segments (Fig. 53) about 400 in number, square in the middle of 
the chain, more distally oblong (8 to to mm. long, 4 to 6 mm. wide); the outline of the worm is 
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serrated. ‘The uterus has 8 to 10 irregular lateral branches; the ova are oval, 36 to 40 p» long, 
31 to 36 » wide. The immature form, Cysticercus pisiformis, develops in the liver, omentum and 
mesentery of hares and rabbits, and in these organs 
reaches the stomach of dogs. After 2 months sexually 
mature proglottides are passed in the feces of the host. 
Hares become infected by ingestion of grass contami- 
nated with dog’s feces. Lesbre found Cysticercus pisi- 
formis in the brain of a dog infected with T. serrata, 
which could only be due to auto-infection. 
Russell Greig on numerous occasions observed 
the presence of T. pisiformis in pet dogs which had never 
Fic. 50.— Ova oF Tare Worms OF had access to rabbit or other offal. 
A Doc. Tenia hydatigena (T. marginata). 1:5 to 2 metres 
1, Tenia pisiformis; 2, Mesocestoides long. Head small, with a double row of 26 to 44 


lineatus ; 3, Diphyllobothrium latum. hooks and 4 round suckers. ‘The posterior wavy 
margin of the segments partly overlaps the follow- 


ing segment. The sexually mature proglottides are 

oblong, 14 to 16 mm. long and 5 to 7mm. wide. The uterus has 5 to 8 branches on either side 
of the main stem. Ova almost spherical, 31 to 36 p in size. 

This species develops from Cysticercus tenuicollis, which is found in the peritoneum and liver 

capsule, occasionally in the pleura and pericardium of herbivorous animals, especially in sheep 


Fic. 51.—Dipyli- Fic.52.—Tenia Fic. 53.—Tenia Fic.54.—Multi- Fic. 55.—Echinococcus 
dium caninum. hydatigena. pisiformis. ceps multiceps. granulosus. 


and swine. Butchers’ dogs are especially exposed to infection. Mature proglottides are passed 
in 4 to 5 months. 

Tenia krabbet. Length up to 1 metre, head very small, 26 to 46 hooks on the rostellum. The 
last segments are oblong, the others wider than they are long. Genital pore prominent. The 
immature form, Cysticercus tarandi, lives in the muscles of the reindeer. 

Tenia ovis. 45to110cm.long. Rostellum with 24 to 36 hooks. Uterus with 20 to 25 lateral 
branches. Cysticercus ovis lives in the heart and other muscles and in the lungs of sheep and goats. 

Multiceps multiceps (Tenia cenurus). Seldom more than 40 to 60 cm.long. Head pear-shaped 
and small, with 4 small suckers and 22 to 32 small hooks. Segments square in middle portion 
of sirobila, oblong in posterior portion (8 to 16 mm. long, 3 to 4 mm. wide). The mature seg- 
ments have convex lateral margins. The uterus has 9 to 26 lateral branches on each side of 
a long median stem. Ova oblong, 31 to 36 yw wide. The bladder worm, Cenurus cerebralis, 
develops in the brain and sometimes in the spinal cord of sheep, more rarely in other herbivora. 
Infection of dogs takes place by ingestion of organs containing the bladder worm. Sexually 
mature proglottides are voided 2 to 243 months after infection. 

Multiceps serialis (Tenia serialis). 20 to 72 cm. long. Rostellum rather prominent, with a 
double row of 26 to 32 hooks. Segments similar to M. multiceps, but narrower and projecting 
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more at their posterior border. Development similar to M. multiceps, but the immature form, ~ 
Genurus serialis, lives in the connective tissue of the organs of rabbits, and also forms daughter 
cysts. 
Echinococcus granulosus (Tenia echinococcus). Length 2-5 to 9 mm., and consisting of 3 to 4 seg- 
ments. Head with 4 suckers and two rows of 30 to 36 hooks on the prominent rostellum. Only 
the last segment is gravid. ‘The embryo can withstand desiccation for 10 to 11 days, and in water 
for 10 to 16 days, and survives freezing for 4 months (Dévé). The tape worm develops from an 
echinococcus or ‘‘ hydatid ” which inhabits the internal organs, especially the liver and lungs, 
of ruminants, swine, and also man. After the ingestion of such organs numerous tape worms 
usually develop, because each bladder worm may contain several hundred scolices. These 


develop into adult tape worms in 6 to 7 weeks. 


Fic. 56.—Ece Nesr or Dipyli- Fic. 57.—Diphyllobothrium latum 
dium caninum. (MATURE SEGMENTS). 


_ _Dipylidium caninum (Tenia cucumerina). 10 to 40 cm. long, 3 mm. wide, Head small, ending 
in a retractable rostellum between large elliptical suckers and with 60 small thornlike hooklets 
arranged in four rows. Mature segments pale red (like pumpkin seeds), with a genital pore 
on each side. In the gravid segment the uterus breaks up into egg-nests each containing 15 
to 20 ova (Fig. 56). The cysticercoid (Cryptocystis trichodectis) lives in the dog louse (Trichodectes 
canis), in the dog flea (Ctenocephalus canis) and in the human flea (Pulex irritans), the larvee of which 
ingest the tape-worm ova, which develop into cysticercoids when these skin parasites reach the 
adultstage. Infection takes place from the ingestion of such parasites during suckling (in 10-day- 
old dogs tape worms 2°5 cm. long, while in dogs of 1 to 2 months sexually mature Tenia have 
been found). : 

Mesocestoides lineatus (Tenia lineata). 30 to 50 cm., sometimes 25 metres long; body resembling 
that of Dipylidium caninum, but with no hooklets on the scolex and the genital aperture near the 
middle line of the ventral surface. Mode of development still unknown. According to 
Kistler and Gineste, the bladder-worm stage resembles that of Dithyridium elongatum. According 
to Henry, the course of development is very slow (up to 5 months). 

Diphyllobothrium latum (Dibothriocephalus latus). 2 to 9 or more metres long, greyish-yellow to 
brownincolour. Head lanceolate, with two sucking grooves. Mature proglottides (Fig. 57) 4 to 
5 mm. long, and may reach 2 cm. in width. ‘Through the surface of mature segment the rosette- 
shaped uterus can be seen, with its uterine opening in the middle line on the ventral surface. ‘The 
ova (Fig. 50) are brownish, oval, 68 to 70 uw long, 44 to 45 w wide. Other forms which may be 
found are D. cordatum, D. fuscum, D. decipiens and D. mansoni. 

The development of D. latum, according to the researches of Janicki and Rosen, Galli-Valerio 
and others, takes place as follows: The ova passed in the faeces develop in a few weeks into spherical 
ciliated embryos with three pairs of hooks, which, when they reach water, escape from the egg 
shell and swim freely for a few hours. In the water they are ingested by small crustacea (Cyclops 
strenuus and Diaptomus gracilis), in which they develop in 2 or 3 weeks into procercoids. ‘These 
crustacea (which are the first intermediate hosts) are ingested by certain forms of fresh-water fish 
(pike, perch, trout, grayling, etc.), in the muscles of which the procercoides develop into 
worm-like, band-shaped plerocercoids 10 to 12 mm. long. After the consumption of such fish 
the plerocercoids develop in the intestine of the final host and reach maturity in 4 to 6 weeks. 

The development of the other species of Diphyllobothrium is approximately similar. According 
to Yoshida the plerocercoid known as Sparganum mansoni belongs to D. mansoni. 

Incidence of the Different Forms of Tape Worms. Without any distinction all 
dogs are most frequently infected with Dipylidium caninum (infection through the medium of hair 
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lice and fleas); butchers’ dogs are also often infected with Echinococcus granulosus, T enia hydatigena, 
and M. multiceps; sheep dogs especially with M. multiceps; sporting dogs with T. pisiformis. On 
the whole tape worms are more common in country districts than in large cities, where regulated 
meat inspection is in force and pet dogs receive better hygienic attention. Young dogs are 
more susceptible to infection. Several species of tape worms may be present in the same host. 
Also they vary considerably in number; Echinococcus granulosus may occur in thousands and Dipy- 
libium caninum in hundreds (Krabbe found 2,000 in one case). 

Tape Worms in Fur-bearing Animals. In silver and red foxes, according to Freund’s observations, 
the following are found: Diphyllobothrium latum, Mesocestoides lineatus and M. litteratus, Multiceps 
multiceps and M. serialis, Tenia crassiceps, T. pisiformis, T. polyacantha, Dipylidium echinorhynchoides, 
Echinococcus granulosus. In minks are found Mesocestoides litteratus; in martens, M. lineatus, T. 
hydatigena; in skunks, T. crassipora; in nutria, Hymenolepis octocoronata. 


Anatomical Changes. The presence of numerous tape worms 
usually causes acute or chronic catarrh of the intestine, with small ex- 
travasations of blood in the mucous membrane. ‘The intestinal. villi are 
sometimes increased to 4 or 5 times their normal size and form tunnels 
over the worms; the connective tissue is increased and the tubular glands 
are separated from each other and atrophied. ‘These changes are most 
pronounced in the presence of Echinococcus granulosus, but in some cases 
Dipylidium caninum may cause croupous inflammation. Intestinal ob- 
struction from worms is uncommon. JT. pisiformis may give rise to 
perforation of the intestine. In nine out of eleven dogs examined by 
Henry and Leblois, segments of tape worms in the anal pouches were 
found. 

Symptoms. Except in cases of severe invasion there is little dis- 
_ turbance of health, apart from itching of the anus, which the animals 
relieve by licking or by rubbing this region of the body on the ground. 
In more severe cases the symptoms are those of chronic gastro-intestinal 
catarrh, with variable but sometimes greatly increased appetite, if spite 
of which the animals become emaciated. In Echinococcus and Dipylidium 
infections there may be intestinal pains manifested by restlessness, moan- 
ing and nuzzling at the abdomen. Occasionally nervous symptoms 
develop in the form ‘of vertigo, convulsions, paretic conditions and 
hebetude, especially after intestinal obstruction by worms or enteritis. 
In cases of mass invasion by several thousands of F. granulosus, 
and occasionally by T. pisiformis and Dipylidium, symptoms resembling 
rabies have been observed, such as a tendency to bite, hoarseness, 
drooping of the lower jaw, and wild glazed eyes. Liénaux found 
multiple hemorrhages in Echinococcus infection. Dobberstein observed 
eosinophilia in dogs infested with tape worms. In the feces, or more 
often in the anal region, segments of tape worms can be found, and 
on microscopic examination the ova of Diphyllobothrium and of Tenia in 
the feces. 

Treatment. Before administering anthelmintics it is advisable in 
all cases to give the animal a liquid diet (milk) for a few days, followed 
by fasting for 24 hours. In order to prevent vomiting, which is especially 
liable to occur in arecoline treatment, a little warm tea or broth should 
be given directly before the anthelmintic. Vomiting may also be 
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prevented by anesthetising the gastric mucous membrane with 0-5 
gramme of anesthesin, or 10 drops of a mixture of 0-1 gramme cocaine 
and 1 gramme of o-r per cent. solution of adrenaline in 10 grammes of 
water. The most suitable drug is arecoline hydrobromide, given orally 
in a spoonful of milk in doses of 2 mg. per kg. of body weight, 
or, according to Vaendeal’s prescription, for very small animals 0-005 
to 0-01 gramme, for small animals 0-015 to 0-02 gramme, for medium- 
sized animals 0-025 to 0:03 gramme, for larger animals 0-04 gramme, 
and for very large animals 0-05 gramme. After this treatment the 
worms are usually expelled in 8 minutes to 2 hours. The advantages 
of arecoline treatment are its usually rapid action on all kinds of tape 
worms and its expulsion of the scolices, its harmlessness when given in 
the prescribed doses, its ease in administration and moderate cost, and 
its simultaneous purgative action. On the other hand, it has the dis- 
advantage of sometimes causing vomiting even when properly given. 
The vomiting, if occurring within 5 minutes, may impair the efficacy, 
and administration must be repeated a few hours later. Arecoline may 
also give rise to vertigo and syncope, with tonic muscular contractions 
or twitchings, chiefly in older animals with affections of the kidneys, heart 
or lungs. In such cases fractional doses are indicated (a third of the 
usual dose, repeated in 10 minutes, and the third part given later if 
necessary). In young dogs a single dose of 1 to 1°5 mg. per kg. of 
body weight 1s recommended. 

According to some observers a simpler and equally reliable method 
of treatment is by thorough irrigation of the intestine with 0-5 per cent. 
of common salt or 1 in 1,000 silver nitrate solution (p. 192), by which 
method the worms are vomited from the stomach in the trrigation 
fluid. 

The following treatments are also practised: Kamala (2 to 8 grammes 
in milk, honey, or syrup); this in Verger’s experience expelled Diphyllo- 
bothrium in bears in doses of 7 grammes per 36 to 40 kg. body weight; 
extractum filicis maris (0-5 to 5 grammes) can be given in pills, or better 
in gelatin capsules, followed immediately or 1 or 2 hours later by 30 to 
50 grammes of castor oil. Formerly the following were used: kusso 
(3 to 5 grammes in milk or water, repeated 2 to 4 times at intervals of an 
hour); also areca nut (5 to 10 grammes with butter in keratin capsules); 
also capsules containing equal parts of areca nut and kamala. Urbain 
found pyrethrin, the active principle of pyrethrum, to be effective. 

Prophylaxis. Prophylaxis consists in preventing dogs from eating 
the organs of herbivora in the raw condition. With regard to Echino- 
coccus infection, Snapper suggests that the sale of offal from slaughter- 
houses should be prohibited by law. Attention. to the hygiene of the 
animals’ coats is also necessary. 
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(ce) Tape Worms in Cats (Teniosis et Bothriocephalosis Cati) 


Etiology. Among the tape worms which infest cats the only ones 
of clinical importance are Tenia tenieformis (which, according to Schmit- 
Jensen, is found in 60 per cent. of cats in Copenhagen) and Dipylidium 
caninum, which is common in America. Other forms—7Joyeuxia chyzeri, 
Echinococcus granulosus, Mesocestoides lineatus, Dyphyllobothrium latum—as a 
rule cause no symptoms of importance. 


Tenia tenieformis (T. crassicollis). 15 to 60 cm. long. Head large and cylindrical, with 4 
large prominent suckers, a powerful rostellum and two rows of large hooks. The anterior seg- 
ments are the same width as the head, the posterior segments 8 to 10 mm. long and 5 to6 mm. 
wide. The ova are spherical, 31 to 37 winsize. The bladder worm, Cysticercus fasciolaris, which 
resembles a tape worm, has a small bladder at the posterior end and inhabits the liver of mice, 
cats and bats. 


Symptoms. In severe invasions there are symptoms of chronic 
intestinal catarrh with loss of appetite, sometimes diarrhoea or constipa- 
tion, salivation, diminution in the senses of sight and hearing, emaciation 
and muscular spasms, and exceptionally rupture of the intestine. The 
disease sometimes assumes an epizootic form in years when mice are 
plentiful. 

Treatment. The same anthelmintics may be given as those used 
for dogs, but in half the doses given to the latter, on account of the greater 
sensitivity of cats. An exception must be made in the case of arecoline, 
which is contra-indicated, owing to the danger of causing intoxication 
(excitement, profuse salivation and often dyspneea). 


; (€) Tape Worms in Rabbits and Hares 


Etiology. Tape worms of the family Anoplocephalide are common in 
rabbits and in wild hares. ‘Those species with unpaired sexual organs and uni- 
lateral genital apertures such as Andrya rhopalocephala (80 cm. long\ are particu- 
larly common in wild hares. A. cuniculi (up to a metre in length) is found in 
both rabbits and hares. On the other hand, of those forms with double sexual 
organs and genital apertures, Cittotenia denticulata (T enia denticulata) (up to 50 cm. 
long) is rare in rabbits; C. ctenordes (up to 80 cm. long) is‘common in rabbits, 
and C’ pectinata (5 to 18 cm. long) is found in rabbits and hares. . 

Symptoms.” In wild hares tape-worm infestation, which is often 
epizootic, is manifested by progressive anemia, emaciation, and 
abdominal distension. Sometimes the worms migrate 
into the abdominal cavity without leaving a trace of 
perforation. ‘The disease is recognised by the presence 
of proglottides in the feces or by post-mortem ex- 
amination. 

Treatment. The following anthelmintics may 
: s) 58.—OVUM OF be given in gelatin or keratin capsules: Extractum 

Andrya cuniculi. rs ; 
filicis maris (0-5 gramme), areca nut (0:5 gramme), 
kamala (2 grammes), tartar emetic (0:05 gramme), preceded by castor 
oil in teaspoon doses. | 
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(y) Tape Worms in Poultry (Tzniosis Avium) 


Etiology. In domestic poultry and in pheasants and other wild 
birds of allied genera numerous forms of tape worms are common, and 
often give rise to enzootics which cause many deaths, especially in young 
birds. Invasion by the larval forms of tape worms occurs in chickens 
from eating flies, certain bugs, butterflies, worms and snails; in geese 
and ducks by swallowing small forms of crustacea and leeches in stagnant 
water; in turkeys, guinea-fowls and pheasants by ingesting various 
insects. Owing to the mode of life of these intermediate hosts, invasion 
occurs chiefly in spring and summer. 


The following are the principal tape worms found in poultry: 

In Chickens. Choanotenia infundibulum, common, according to Grassi and Guberlet cysticercoid 
in the house-fly, according to Joyeux also in small dung-beetles; Davainea proglottina, common, 
cysticercoid in slugs of the genera Limax, Arion, etc.; Raillietina cesticillus, common, cysticercoid in 
the house-fly; R. tetragona, cysticercoid in small snails and in house-fly; R. echinobothrida; 


Fie. 59.—Ova or Hymenolepis gracilis. Fic. 60.—Ovum oF Raillietina cesticillus. 


Hymenolepis cataniana, cysticercoid in Stomoxys calcitrans; Hymenolepis carioca, cysticercoid in beetles; 
Amebotenia sphenoides, cysticercoid in earth worms. 

In Geese. Hymenolepis lanceolata, very common, cysticercoid in small fresh-water _crustacea 
of the genera Cyclops and Diaptomus; H. setigera, equally common, cysticercoid in Cyclops and 
Diaptomus; H. gracilis, cysticercoid in small crustaceans of the genera Candona, Cyclops, Diaptomus, 
Cypria; H. sinuosa, cysticercoid in small crustacea of the genera Gammarus, Cypris, Diaptomus; H. 
fasciata, cysticercoid in Cyclops and Diaptomus; H. tenuirostris, cysticercoid in Cyclops, Gammarus and 
Diaptomus; Fimbriaria fasciolaris (T. malleus), cysticercoid in Diapiomus. 

In Ducks. Hymenolepis setigera, common; H. lanceolata; H. anatina, cysticercoid in Cypris, Cyclops, 
Diaptomus, Eucandona and Eucypris; H. gracilis and H. collaris, cysticercoid in Cyclops, Gammarus, 
Diaptomus; H. parvula, cysticercoid in a species of leech; H. megalops; H. coronula, cysticercoid in 
Cypris; Fimbriarta fasciolaris. 

In Turkeys. Hymenolepis cantaniana; Raillietina cesticillus; R. echinobothrida; R. friedbergeri; Hymeno- 
lepis meleagris and H. musculosa; Metroliasthes lucida. 

In Pigeons. Raillietina cesticillus; R. columbe; ae (Bertiella) delafondi; Hymenolepis sphenoce- 
phala. 

In Pheasants. Raillietina friedbergeri, common and usually the sole cause of tape-worm invasion; 
Raillietina echinobothrida; Hymenolepis cataniana; H. phasiana. 

In Ostriches. Houttuynia struthionts, etc. 


Anatomical Changes. The length of the tape worms varies 
generally from 3 to 30 cm., and consequently they can be easily found 
in the contents of the small intestine. Those of very small size (Davainea 
proglottina, Amebotenia sphenoides, Hymenolepis cantaniana and H. parvula), 
measuring only 1:5 to 4 mm., require closer examination of the intestinal 
contents in water or of the intestinal wall placed in water under dark- 
ground illumination. In the case of D. proglottina a microscopic examina- 
tion should also be made of scrapings from the intestinal mucous mem- 
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brane. The mucous membrane of the intestine in adult birds, and also 
in young birds with only a slight degree of invasion, is apparently un- 
changed. In mass invasions in young birds, rarely in older ones, there 
are signs of enteritis associated with emaciation. Razllietina echinobo- 
ihrida causes the development of greyish-white tubercles the size of 
a pin’s head to a millet seed, and sometimes confluent, in the in- 
flamed mucous membrane of the intestine somewhat resembling 
tuberculous or typhoid tubercles. ‘These tubercles present crateriform 
openings, each of which contains an undeveloped tape worm <1 to 
1-5 cm. long. 

Symptoms. In comparison with their frequency tape worms 
seldom cause definite morbid symptoms in poultry, apart from occasional 
decreased egg production of laying hens. According to Kotlan, even large 
numbers of tape worms may be present without causing injury. In. 
young birds, however, severe infections with any form of tape worm, 
especially in the summer or autumn months, give rise to pathological 
symptoms in the form of lassitude, diminished or sometimes increased 
appetite, diarrhoea and rapidly increasing emaciation and anemia, 
ending fatally in 1 or 2 weeks in the case of 10 to 30 per cent. of the 
flock. In some cases attacks of vertigo or epileptiform convulsions are 
observed as the result of inflammation, obstruction or perforation of the 
intestine. In other cases deaths occur unexpectedly. The symptoms 
of paralysis as described by de Blieck and Baudet, and also by van Heels- 
pergen in tape-worm infestation, especially by Davainea proglottina, and 
manifested by paresis of the feet and also of the alar muscles, are, accord- 
ing to Kotlan, not due to teniosis, as they may occur also in the absence 
of tape worms, and in many regions are not observed in infestations with 
D. proglottina. 

Diagnosis. Owing to the extremely small size of some of the tape 
worms infesting poultry, and also the difficulty of detecting their ova or 
proglottides in the feces, diagnosis must depend for practical purposes 
on post-mortem examination of birds which have died or been 
killed. 3 

Treatment and Prophylaxis. The usual anthelmintics are on 
the whole less reliable in birds than in mammals, owing partly to the 
deep situation of the head of the parasite in the intestinal wall in the case 
of many tape worms, and partly to the rapid passage of drugs through 
the intestine of birds. Consequently the results vary with the different 
species of tape worms involved. According to Hall and Shillinger, 
kamala is safe and gives up to 100 per cent. of successful results 
in infestations with Raillietina tetragona, R. cesticillus, Hymenolepis carioca 
and Metroliasthes lucida. The doses recommended are: 1 gramme for 
fowls weighing } to 2 kg. and 2 grammes for turkeys, administered in 
capsules or pills; for mass treatment 2 grammes for each bird, given with 
dry mash. Purgatives should not be given, as they impair the results. 
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In pigeons 0-5 gramme of kamala can be given, for young birds a smaller 
dose. Ward and Gallacher, Laynen and de Blieck and Baudet recom- 
mend equal parts of oil of turpentine and olive oil (for fowls under 1 month, 
2 small teaspoonfuls; for older birds, 4 small teaspoonfuls), preceded by 
5 teaspoonfuls of 20 per cent. solution of sodium sulphate, which is 
repeated after 24 hours’ fasting and 3 hours after the vermifuge. ‘This 
method is not confirmed by Dachena. In ostriches Robertson found 
petroleum benzine most effective, after a short period of fasting (for 
birds of 1 to 2 months, 14 grammes; of 3 months, 28 grammes; of 
4 months, 56 grammes; of 5 months, 84 grammes; of 6 months, 122 
grammes; of 7 to 11 months, 140 grammes; of 12 months, 168 grammes; 
and for adult birds, 224 grammes, per diem). Extractum filicis maris 
is only effective in large doses of 1 gramme in gelatin capsules (Hall 
and Shillinger), but when given with an equal quantity of carbon tetra- 
chloride is said to give 100 per cent. successful results (Skrjabin and 
Schulz). Picard recommends areca nut in infestation of fowls with 
Davainea proglottina (in mass treatment a pounded areca nut mixed with 
gruel for 12 to 15 fowls; for individual treatment a suspension of 0:5 
gramme areca nut in 10 c.c. of water introduced into the crop; but in 
subsequent observations this method proved unsuccessful and Reinhardt 
found this to have a slightly toxic action. Chenopodium, tobacco 
infusion, thymol, and also the so-called lye (concentrated potash 
with 4 litres of boiled grain given as fodder) have all proved in- 
effective. 

Prophylactic measures consist in isolation of infested birds, destruc- 
tion of their faeces after removal in barrels and covering with lime to keep 
away insects which are intermediate carriers, spreading lime or ashes on 
the roosting places to destroy tape-worm embryos and to keep away 
insects, preventing the birds from stepping into the food or drinking 
vessels by the proper construction of these, regular cleansing of the 
vessels and of the feeding places, manuring the pastures with lime, 
periodical change of quarters, protection of poultry yards against flies, - 
beetles and snails, and burning or burying the entrails of diseased birds. 
Water-fowl should be kept away from infected water, and such water 
should be treated with lime to destroy intermediate hosts. For the 
prevention of tape-worm infestation in ostriches Theiler and Robertson 
recommend similar measures to those employed against stomach-worm 
infestation (p. 281). 


(k) Trematodes (Flukes) 


Trematodes are hermaphrodite worms of flat and oval form with a 
bifurcated gut which ends blindly and organs for attachment, consisting 
of two suckers, one surrounding the mouth at the anterior end and the 
other on the ventral surface. The ova are mostly brownish-yellow, 
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operculated, and from them a free-living larva or miracidium escapes 
in water; this develops during its passage through one or two inter- 
mediate hosts into an encysting form or cercaria, and can then infect 
the final host. 


(a) Trematode Infestation of Laying Hens (Prosthogonimosis) 


This is characterised by a disturbance of ovulation and oviposition due 
to affection of the oviducts often jointly with peritonitis, originating from 
the action of trematodes of the genus Prosthogonimus, which migrate from 
the intestine, especially from the bursa Fabricii. 

Occurrence. ‘This disease, first described by Hieronymi and Szidat 
and later by Szidat, v. Heelsbergen and others, is prevalent in the whole of 
Northern Germany, in Russia and Holland, and also in the United States. 
It is usually limited to certain regions, but in years when dragon-flies 
are plentiful it extends beyond these areas and causes considerable losses 
among poultry farmers, partly from the mortality it causes (in Bittner’s 
cases 12 per cent. required emergency slaughter), and also by impairing 
the quality of the flesh, but chiefly by reducing the output of eggs 
during the period of greatest egg production. The disease chiefly 
affects laying hens, less often ducks, geese and turkeys, and also occurs 
in game birds. 

/Etiology. The causal agent is Prosthogonimus pellucidus and allied 
forms; according to Sprehn, also Plagiorchis arcuatus, belonging to the 
Plagiorchide. 

Prosthogonimus pellucidus. 5 to 16 mm. long, 4 to 7 mm. wide, pear-shaped and translucent, 
furnished with spines. Head 0:6 to 0-7 mm., sucker 0-8 to 1:0 mm. Uterus in posterior half of 
body, with numerous convolutions (Fig. 62). Ova oval and brown coloured, 27 to 29 XII to 13 
in size, with a short spinous process at the posterior pole and an operculum at the anterior pole. 

Plagiorchis arcuatus. 4 mm. long, narrow at both ends. Ova translucent, 43 yw long, otherwise 
similar to those of other trematodes. 


In addition to these, other non-pathogenic trematodes inhabit the bursa Fabricii (Prosthogo- 
nimus ovatus, P. cuneatus, Schistogonimus rarus). 


Development of Prosthogonimus pellucidus. ‘The miracidia escaping from the ova 
after their expulsion with the cloacal contents are ingested by a snail (at present 
unknown), in which they develop into cercarie, and these in the body of the 
aquatic larva of the dragon-fly (Libellula quadrimaculata, Cordulia, Tetragoneuria, 
Anax parthenope) develop into spherical, thick-walled, greyish metacercarial cysts 
(0-12 to 0-68 mm. in size), which remain in the body of the sexually mature 
dragon-fly (Kotl4an and Chandler, Szidat). In one focus of disease Szidat 
found metacercarial cysts in 74 per cent. of dragon-fly larve. After the ingestion 
of a dragon-fly infested with metacercaria the worm reaches the bursa Fabricii, 
in which it attains its full size and becomes sexually mature in less than 2 weeks 


(Szidat). 


Infection takes place through the ingestion of dragon-flies and their 
larve, usually about the end of May or the beginning of June, at which 
time the dragon-fly larve are abundant in pools and stagnant water. 
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In the early morning they hang on shrubs and water-plants, where they 
are easily accessible to poultry and water-fowl.. Sometimes they migrate 
for considerable distances (30 to 40 yards or more) from their lurking 
places near the water-side and reach pasture-land, where they are eaten. 
Under the same conditions mature dragon-flies which have escaped from 
their larval envelope are accessible to poultry, alive as well as dead. 
Certain climatic conditions may induce swarms of dragon-flies to migrate 
for long distances, so that new sources of infection may arise in remote 
districts. Sometimes infection is spread by wild birds (Prosthogonimus has 
been found in the large curlew, Numentus arcuatus). 

Pathogenesis. The ingested metacercarie pass rather rapidly 
through the intestine and become lodged in the bursa Fabricii (a diver- 
ticulum opening into the cloaca) without causing any injury either to the 
intestine or the bursa. Owing to the gradual decrease in size of the 
bursa towards the end of the first year, or from other causes, the worms 
retreat into the cloaca, from which they reach the muscular termina- 
tion of the oviduct, partly by active movements and partly passively 


Fic. 61.—Ova oF Prosthogonimus pellucidus. Fic. 62.—Prosthogonimus pellucidus. 


during copulation, but chiefly by the sucking action of the terminal 
portion of the oviduct during its withdrawal after expulsion of 
the egg. : 

As the result of the mechanical irritation caused by their spines, but 
principally owing to the bacteria which accompany them from the 
cloaca, inflammatory processes are set up in the oviduct, commencing 
in its posterior portion (uterus), and gradually extending forwards to the 
peritoneum. In this way, or by rupture of the oviduct, peritonitis follows. 

The inflammatory changes in the oviduct interfere with the process 
of calcification of the egg shell, and also with the deposition of the albu- 
minous coating on the yolk. Also the involvement of the isthmus of 
the oviduct in the inflammatory process causes retention of the ova, 
and results in the formation of eggs with thick, firm shells. In the 
complete occlusion of the oviduct, and also as the result of the 
extension of the inflammation, the egg production in the ovary is 
inhibited. — 

Anatomical Changes. ‘These are pronounced only in cases of 
severe invasion, and consist chiefly in exudative and desquamative changes 
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in the whole length of the oviduct. In the isthmus and median part of 
the oviduct yellowish-grey corpuscles are found on the grey or bluish- — 
red mucous membrane, and in the posterior part long yellowish plugs, to 
which the flesh-coloured parasites are attached. In more severe cases the 
oviduct is dilated cylindrically, its walls are attenuated, and its contents 
consist of disintegrated or pasty matter, sometimes arranged in layers 
like onions, in other places resembling dried yolk of egg. In the posterior 
portion are found remnants of lime or crumpled shells filled with rounded 
bodies. Moreover, the red and swollen mucous membrane can be 
seen, and numerous dead or living parasites resembling blood clots. In 
very severe and protracted cases there is usually fibrino-purulent inflam- 
mation in the abdominal cavity, with an accumulation of yellowish 
clumps and fibrino-purulent masses mixed with yolk of egg and forming 
an oily fluid. The viscera are glued together by masses of albumin 
and fibrin; the serosa is red, rough, and beset with worms. Here 
and there are found thick yellow masses of fresh yolk. In some 
places the serosa presents ichorous inflammation. Occasionally 
masses of yolk also are found in the air sacs, or. even in the lungs, by 
aspiration. 

Symptoms. Infection occurs between the months of May and 
August, the swarming time of dragon-flies. The incubation period may 
be very short; in observations made by Szidat, the egg-laying capacity 
ceased on the second day and definite symptoms of disease appeared on 
the tenth day. In cases seen early the only symptoms may be those con- 
nected with oviposition, the eggs being at first larger than usual, and after 
-a few days thin-shelled or devoid of any limy shells. During the following 
1 to 3 weeks the second stage occurs, in which the eggs consist of yellowish 
concretions mixed with mucus, ull finally oviposition ceases altogether. 
At this stage the birds become listless and sit huddled in a corner; their 
appetite is diminished, and sometimes the feathers around the cloacal 
opening are matted together with a white chalky fluid or with a crumbling 
yellow substance. After a few days, or sometimes weeks, the last stage 
develops, manifested by symptoms of inflammation in the body cavity, 
extreme debility, intense thirst, abdominal distension, increased tem- 
perature, and tension of the abdomen, in which fluctuation can be 
detected; also straddling gait and signs of acute asphyxia. 

A pesca feature of the disease is that in some of the cases, especially 
in water-fowl, the eggs may be thin or soft-shelled, or oviposition may 
cease entirely without the appearance of any symptoms of disease or the 
occurrence of undue mortality, and after recovery in the autumn ovi- 
position may again become normal (Bittner, Seegert). In other cases 
death may occur from 1 to 6 days after the onset of the disease or may be 
delayed for several weeks. 

Diagnosis. This depends on the detection of a possible source of 
infection, the appearance of cases of disease at the time of swarming of 
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dragon-flies between May and August, disturbance of the capacity for 
oviposition and the characteristic features of the disease. Sometimes, 
but not always, the diagnosis is confirmed by the presence of the ova of 
Prosthogonimus in the feeces. As a last resort it must depend on the results 
of post-mortem examination. Without naked-eye or microscopic demon- 
stration of the worms or their ova differential diagnosis from infectious 
inflammation of the oviduct in laying hens, as described by Maas, and 
usually occurring in the first two years of life, is practically impossible, 
because both the clinical symptoms and the pathological changes are 
almost identical. The points in favour of infectious inflammation of 
the oviduct are: the appearance of the disease between February and 
September, the occurrence of isolated cases in the winter months and in 
districts remote from stagnant water; again, in this affection there is 
simply an inhibition of the capacity for oviposition without the laying 
of abnormal eggs; lastly, post-mortem examination of such cases often 
shows swelling of the spleen, liver and kidneys. 

Treatment. A reliable method of destroying parasitic worms in 
the oviduct is not yet known, although encouraging results are claimed 
by Schmid with carbon tetrachloride (1 to 2 c.c. given in 3 or 4 times 
its quantity of gruel), and by Otte with potassium iodide (o-1 to 
0-2 gramme). 

Prophylaxis. Prophylaxis consists in removal of fowls from areas 
in which there are pools or stagnant water, especially in the months of 
May and June. 


(8) Other Trematodes in the Gastro-intestinal Canal 


In temperate zones these trematodes are comparatively rare and are of little 
importance. In tropical regions they are much more common and often give 
rise to severe disease. 


1. Paramphistomide. ‘Vhis family includes Paramphistomum cervi (Amphistoma conicum), a worm 
5 to 13 mm. long, with ova 145 to 17660 to go p in size, similar to those of Fasciola hepatica, 
but differing from these in being colourless, the presence of a small knob at the opposite 
pole to the well-marked operculum, and also in their larger size. Intermediate hosts are 
fresh-water snails (Physa, Bullinus). Inhabits the rumen of ruminants (according to Noller, 
in the coastal regions of North Germany). It is of no pathological importance; neither are 
P. explanatum (similar to the previous form and inhabiting the rumen and bile ducts), nor P. 
orthocelium (ova 105 to 150 pw long; intermediate hosts, species of Bullinus), and another form, 
Kygocotyle lunatum (Amphistoma lunatum), inhabiting the intestine of fowls, ducks and geese, and also 
found in ruminants (ova 124 to 153 u long). 

Gastrodiscus egyptiacus is a red-coloured, spoon-shaped worm consisting “of a broad oval disc, 
12 to 15 mm. long and 8 to 12 mm. wide, with a-concave ventral surface and a small sucker 
at the posterior end; also a conical head with a terniinal sucker. Ova 170 to 190 yw, long and oval. 
Intermediate hosts are molluscs. Inhabits the intestine of horses, mules and asses in Egypt, 
Guadeloupe, Cameroons, Senegal and India. Sometimes masses of these worms adhere to the 
mucous membrane of the intestine and give rise to chronic disease lasting for months and causing 
emaciation. Occasionally they cause enteritis and peritonitis or rupture of the intestine when 
present in large numbers (400 to 500 have been found between the pylorus and the end of the 
colon). 

Pseudodiscus collinsii (Amphistoma collinsit) is a red worm, 4 to 9g mm. long, which causes severe 
enteritis of the large intestine in horses in India and Tonking. 

Cotylophoron cotylophorum. 4 to8mm.long. Inhabits the rumen ofruminants. Development 
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takes place in fresh-water snails and encysted cercarie are deposited on grass. In 6 to 8 weeks 
the parasite develops into a sexually mature worm after passage from duodenum into rumen. 
During their sojourn in the abomasum and duodenum the young worms give rise to gastric 
catarrh, foetid diarrhoea, rapid loss of strength, anemia and.dropsy, with a fatal termination 
(Simson, Le Roux). In sheep, treatment by tetrachloride of carbon (p. 269) with magnesium 
sulphate or calcium lactate is effective; also copper sulphate with sodium arsenite (p. 267). 
The animals should be put on dry pasture. 

Homologaster palonie (7:5 to 12 mm. long, ova 125 to 139 yw long, with a knob-like thickening 
of the posterior pole) is of no pathological importance. . 

2. Echinostomatide. ‘These often give rise to severe intestinal catarrh or fatal hemorrhagic 
enteritis in fowls. To this family belong Echinostoma columbe (2:6 to 7-6 mm. long, ova 13 p» long; 
inhabits small intestine of pigeons), E. revolutum (10 to 22 mm., ova 97 to 
126 pw long; intermediate hosts, fresh-water snails; inhabits intestine of 
duck, goose, swan and fowl), Hypodereum conoideum (12 mm. long, ova 
18 « long; found in duck, goose and hen), Echinoparyphium recurvatum 
(2°8 to 5 mm., ova 88 to 100 » long; intermediate hosts, Planorbis and 
Cyclas sp.; inhabits ducks and fowls), Echinoparyphium paraulum (6-2 to 
10°4mm. long, ova 100 X 70 yp in size; inhabits water-fowls and pigeons) 
Euparyphium suinum (2-7 to 3°6 mm. long, ova lemon-shaped, 117 to 127 wu 
long; intermediate hosts, fresh-water fish; inhabits swine), E. melis (found 
in fox, cat, stone-marten, polecat, weasel, otter and badger), Echinochasmus 
perfoliatus (2 to 4 mm., ova 92 to 135 pw long; found in silver fox). 

3. Strigeide. ‘These give rise to fatal enteritis in poultry, sometimes in 
isolated cases, sometimes as an epizootic, which can be prevented by 
keeping the young birds away from infected waters. To this family 
Fic. 63.—OvUM OF belong Apatemon gracilis (Strigea gracilis) (2°5 mm. long, ova 110 pw long; 

Echinostoma _revo-_—_ intermediate host, blood-sucking leech; inhabits duck), Cotylurus cornutus 

lutum. (1-2 to 1°4 mm. long, ova go to 100 yw long; intermediate host, Limnea 

and Planorbis; inhabits duck), Alaria alata (Hemistomum alatum) (found in 

dog, fox and cat), Prohemistomum appendiculatum (0-9 to 17:5 mm. long, ova 100 to 111 p long; 
intermediate hosts, fresh-water fish; found in dog and cat). 

4. Notocotylide have no pathological importance. ‘They include Wotocotylus atienuatus (2 to 
5 mm., ova 20 to 22 yw long; intermediate host, Planorbis; occurs in the cecum and intestine of 
duck, goose and fowl), Paramonostomum alveatum (found in goose and swan), Catatropis verrucosa (in 
duck, goose and fowl). 

5. Harmostomide. Of this family, Harmostomum commutatum (3°5 to 7°5 mm., ova 29 to 32 p 
long) occurs in the cecum of fowls, turkeys and pigeons. 

6. Brachylemide. Of this family, Skrjabinotrema ovis has been found in 68 to 73 per cent. of 
sheep in the Kirghiz Steppes, causing diarrhoea and emaciation; ova 24 to 32 yu long. 

7. Heterophyide. ‘This family includes Heterophyes heterophyes (up to 2 mm. long, red colour, 
with fine spines; intermediate host, fish; inhabits dog, fox and cat), Rossicotrema venustum (1-3 mm., 
ova 25 to 35 p long, thick-shelled, brownish colour; found by Wright in Washington in 5 per cent. 
of dogs examined). 

Nanophyetus salmincola, Length 0-5 to 0-7 mm., width 0:28 mm.; ova 75 to 8555 p in size; 
intermediate hosts, salmon and trout, in the muscles of which the encysted metacercarie are found. 
After their escape from the ova into water the miracidia are ingested by snails (Goniobasis), 
n which they develop into sporocysts, then into redia, and finally into cercaria, which are 
swallowed with the snails containing them by the above-mentioned fish. ‘The mature worm in- 
habits the duodenum and small intestine of the dog, and sometimes the silver fox and mink. 
According to Cram, the principal hosts are probably wild carnivora. Infection in dogs takes 
place by the ingestion of infected salmon, which die after their migration to fresh water at spawning 
time. 

The worms, which accumulate in the small intestine and rectum, give rise to the disease known 
in North America as “‘salmon poisoning ”’ of dogs and silver foxes (Chapin, Cram, Donham, 
Simms). In these hosts, after an incubation period of 6 to 10 days, symptoms of hemorrhagic 
enteritis develop, with loss of appetite, vomiting, hemorrhagic diarrhoea, rise of temperature 
followed by a fall, rapid loss of weight, exhaustion, paretic symptoms resembling distemper, 
often a purulent discharge from the eyes, cedema, and a fatal termination in 4 to_8 days. 
The origin of the disease is attributed to the secondary effect of an unknown infective agent or to 
the lesions caused by migrating cercarie. ‘The mortality is over 90 percent. Diagnosis depends 
on the discovery of worm ova in the feces, which is possible on the appearance of the first 
symptoms; otherwise by the results of post-mortem examination. Prophylaxis consists in the 
prevention of the consumption of infested fish. Immunity has been established by inoculation 
with specific immune serum. 
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(1) Round Worms in Mammals (Ascaridosis) 


Occurrence. Round worms and the affections they cause are 
found chiefly in young animals. In older animals they occur less fre- 
quently, and the invading worms are fewer in number. Infection is 
especially liable to occur in animals on free range or on pasture. 
In young calves 3 to 5 months old heavy infestations 
have been observed; also in sucking pigs and some- 
times in lambs. Ascarids are common in puppies 
during the suckling period, when they are 3 or 
4. weeks old and up to the age of 6 months; also 
in young fox whelps from the age of 2 weeks up 
to 5 months, and in foals from 6 to 12 months 
old. Freund found a large number of ascarids in 
a polar bear. In North America Kinsley dis- 
covered that ascaridosis caused a loss of 7 per cent. 
of the total value of swine, and in some herds 
as; muuchi-as'50-per jcent: . According to Gupa, 
ascarids not infrequently cause fatal disease in 
elephants in India. 

Etiology. Ascarids are comparatively large, 
smooth, elongated worms with a short head and 
three smooth or dentated lips round the mouth. 
The male has two spicules and numerous caudal 
papille, mostly situated in front of the anal aperture. 


Re aEecyerey 
Net OA 


Parascaris equorum (Ascaris megalocephala [Fig. 64]). This is a Fic. 64.—Parascaris equ- 
yellowish-white worm with a comparatively large head and three orum (HALF NATURAL 
large lips. The male is 15 to 25 cm. long with two small lateral SIZE). 
ale at its posterior end; female 18 to 37 cm. long, blunt at the 
posterior end, vulva at the end of the first quarter of the body. Ova spherical] or sub- 
globular; in the feces of the host they present a yellowish-brown appearance and are 
unsegmented; they are 90 to 100 yw in size, thick-shelled, with a pitted albuminous envelope 
often stripped off (Fig. 65). The worm inhabits the small intestine of the horse, ass, mule and 
zebra. 

Ascaris vitulorum. Body reddish and translucent. Male 15 to 20 cm. long, with 10 to 15 
lateral papillae at the posterior end; female 22 to 30 cm. long, with the vulva situated about 
one-sixth of the total length from the anterior end; ova 75 to 95 u long, thick-shelled, with a pitted 
albuminous envelope. Lives in the small intestine, sometimes also in the abomasum in calves, 
seldom in adult animals. 

Ascaris lumbricoides (A. ovis). Body pale red, lips bearing minute denticles on their inner 
surface. Male 15 to 25 cm. long, with ventrally curved hinder end and 70 to 75 papille in the 
region of the anus; female 20 to 40 cm. long, straight, with vulva at the junction of the anterior 
and middle third of the body, and in a circular depression. Ova (Fig. 65) elliptical, 50 to 70 
long, 40 to 50 uw wide, thick-shelled, with corrugated albuminous envelope coloured yellow by 
the intestinal contents. Lives in the intestine of sheep. Also the common round worm 
of man. 

Ascaris suis (A. suilla). Morphologically identical with A. lumbricoides, but biologically 
a distinct variety found in swine resembling A. lumbricoides of man in its development, but the 
severe infection of swine in North America with this species is in striking contrast with the 
comparative rarity of ascarids in man. 

Toxocara canis (Belascaris marginata). A white or pale red worm with a lanceolate anterior 
end due to the presence of 2 lateral cervical ala. Male 5 to 10 cm. long, posterior end curved 
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with 2 narrow ale and 26 papillae on each side, 5 of which are behind the anus; female g to 12 
cm. long, with a blunt posterior end and the genital aperture in the anterior quarter of the body. 
Ova spherical, 75 to 80 » wide, and with pitted albuminous envelope (Fig. 65). Lives in the 
small intestine of the dog, wolf and fox. 

Toxocara mystax (Belascaris cati). Similar to the above, but smaller (3 to 6 cm. and 4 to 10 cm. 
long). Ova 65 to 75 w wide. Lives in the intestine of the cat. 

Toxascaris leonina (T. limbata). Male 4 to 6 cm., female 6-5 to 10 cm. long; ova 75 to 85 u 
wide. Lives in intestine of dog, especially in cities (in America three times more common than 
Toxocara, according to Wigdor). Less common than Toxocara canis in fox (Ullrich, Sprehn). 
According to Ullrich, Ascaris columnaris infests the skunk. 


Development of Ascarids. According to the observations of numerous observers, 
the ova, when exposed to air and moisture at a certain range of temperature 
(from 7° to 40° C.), rapidly under- 
go segmentation, which under 
very favourable conditions leads 
to the development of a motile 
larva in 10 days, but under natural 
conditions this development takes 
several weeks. It is only the 
ova containing larva which are 
infective. After the ingestion of 
such ova the envelope is either 
ruptured by the active movements 
of the larva or dissolved by the 
intestinal secretion. Whereupon 
the freed larva penetrates the in- 
testinal wall, enters the portal 


Fic. 65.—Ova or Rounp Worms. vein, and reaches the liver within 
1, 2, Parascaris equorum ; 3, Ascaris suis ; 4, Toxocara the first 2 days. It then forces 
canis ; 5, Toxascaris leonina. its way through the capillaries and 


partly enters the hepatic tissue, and 
again a vein, and in both cases passes to the right side of the heart and then 
to the lungs. Migration may also take place partly through the lymphatic 
system of the intestine to the right heart and then to the lung. As early as 3 
days after infection the larve may be found in the capillaries of the lung, from 
which they enter the alveoli by their boring movements and then travel towards 
the larynx, from which they reach the pharynx, and eventually during degluti- 
tion return to the intestine, where they settle as biologically changed larvee which 
are capable of withstanding the action of the gastric juice. ‘The total duration 
of this migration through the tissues is on an average 14 days, of which 7 to 
10 days are usually spent in reaching the lung and air passages, although a few 
larve may be found in the lung 3 days after invasion, and others may reach the 
intestine later than 14 days. During their migration the larve gradually grow 
from five to ten times their original length. In the intestine of a suitable host 
they attain sexual maturity in a few weeks. Some ascarids appear to have a 
shorter period of development in the host, as fully developed worms are often 
found in dogs and cats only 2 to 4 weeks old without any possibility of intra- 
uterine infection. In an experiment performed by Grassi upon himself Ascaris 
lumbricoides attained sexual maturity in 5 weeks; in Parascaris equorum the 
duration of development is accepted as 10 to 12 weeks. In a case of re- 
infection in a horse Gartner found Ascaris ova in the feces on the seventy- 
second day. 
The invasion of the greater circulation by Ascaris larve has been proved by 
the experiments of Filleborn (a few days after the commencement of experi- 
mental feeding larve were found in the brain). Such larve at first circulate 
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in the blood like microfilariz, but after their return to the lungs with the venous 
blood they migrate to the pharynx through the trachea and so reach the intestine, 
provided they have not settled and then died in the tissues. 


The great resisting power of Ascarid ova at all stages of their development is due to the structure 
of the egg- shell, which consists of five layers—the external epithelial layer, three chitinous layers, 
and an internal fibrillary, lipoidal membrane. ‘The chitinous layers protect it against mechanical 
action, while the internal layer protects it against physical and chemical action and is only pene- 
trable by oxygen and lipoid solvents. Owing to this protective covering ascarid ova can with- 
stand severe cold and dryness without injury and can retain their vitality for 5 years (Davaine), 
although they may lose their power of infection earlier (Fiilleborn). Under unfavourable exter- 
nal conditions, such as lack of oxygen or desiccation, the further development of the immature 
ova is only delayed or temporarily brought to a standstill, but not finally suppressed. In experi- 
ments by Brown and Roberts the ova of A. lumbricoides from man were killed by drying in 
dry, bright weather, those cf A. suis in 37 days at 35° room temperature. . According to the 
researches of Roots and Roberts, the ova of P. equorum were soon killed by temperatures over 
50° C., and also by exposure to slaked lime. 

Ascarid ova possess great resistance to disinfectants. In 20 per cent. formalin they retained 
their infectivity for 2 years (Morris), owing to the fact that the further penetration of the fluid is 
prevented by coagulation produced by the action of the formalin, as well as the sulphurous acid, 
in the albuminous envelope of the ova. Also, many other disinfectants, which are not lipoid 
solvents, have no influence on the vitality of the ova; for instance, 50 per cent. antiformin, 
eukupin, saproformal, sublimate, liquor potasse, milk of lime. ‘The greatest effect on the ova is 
produced by lipoid solvents such as solution of phenol. 


Natural infection occurs through the ingestion of the embryonated ova 
in the fodder or drinking water, or by the licking of objects to which the 
ova adhere. The ova evacuated with the feces of the host are deposited 
on the litter or on pastures, from which they may be ingested by other 
animals as well as those already infested. Swine in particular are 
easily infested through the contamination of their food with feces con- 
taining ova. Railliet observed an epizootic of round-worm infestation | 
due to the consumption of infected litter, and Gasteiger found numerous 
ova in straw, in manure, and also in leaf litter. Sucklings become 
infected by swallowing ova which have become attached to the teats of 
the mother from the bedding, also from the ingestion of pieces of straw 
or manure and also as the result of “ licking sickness.” ‘The latter mode 
of infection explains why sucklings become infected when nourished 
exclusively on milk. The occurrence of intra-uterine infection is proved 
by the detection of ascarid larve in the circulating blood, and as the 
result of the experimental feeding of pregnant bitches with food con- 
taining ova, larve being subsequently found in the foetus or new-born 
animal, and also by the frequent occurrence of fatal ascaridosis in 
the foetus and new-born dogs and foxes. Although experimentally 
produced intra-uterine infection is rapidly fatal, it is probable that, 
under natural conditions, only a moderate number of ascarids enter 
the intestine by this means. The possibility of infection through the 
abraded or intact skin need hardly be considered from a practical stand- 
point, although positive results have been obtained experimentally by 
subcutaneous introduction of embryonated ova and by the application 
of ascarid larve to the intact skin. The infectivity of the animal’s 
quarters and of pastures may persist for years, but gradually diminishes, 
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and depends on the length of time the ova can remain viable. Under 
the same external conditions young animals are always more susceptible 
to infection than older ones. Fiilleborn attributes this difference to an 
acquired immunity in the older animals against the further development 
of larve on the occasion of a later invasion, but this view has not yet 
been confirmed (Morgan). 

Pathogenesis. ‘The pathological action of the migrating ascarid 
larve is manifested in the lung partly as direct mechanical injury to the 
lung tissue, but chiefly by predisposing the lung and bronchial mucous 
membrane to subsequent bacterial infection. In light infections the 
lesions consist of small blood points; in heavier infections ecchymoses of 
considerable extent and often hepatisation of the whole of a lobe of the 
lung, and sometimes oedematous infiltration of the rest of the lung, 
may occur. : 

In the intestine the worms cause mechanical irritation of the mucous 
membrane and sometimes, when present in clumps, give rise to intestinal 
obstruction, which may result in rupture. Bacterial infection and also 
the absorption of irritating substances formed in the bodies and ex- 
cretions of the ascarids may take place through minute lesions of 
the mucous membrane caused by the fine dentations of the lips of the 
parasites and give rise to circumscribed hyperemia, inflammation and 
necrosis, and even perforation of the gut. This perforation nearly always 
occurs at the attachment of the mesentery, where the extension of the 
necrotic process is not checked by the intestinal serosa. Nutritional 
disturbances are caused by the absorption of nutrient matter by the 
parasites, also by the secretion of hemolytic substances (according to 
Flury, chiefly oleic and acrylic acids), also by the sucking of blood from 
the intestinal wall. An important réle is also played by toxic metabolic 
products formed by the incomplete combustion and fermentative cleavage 
of foodstuffs (Gasteiger, Flury); among these are the volatile aldehyde 
of fatty acids, the alcohols and esters of ethyl, butyl and amyl series, and 
purin bases (Flury). All these substances produce local irritation (after 
instillation of the body fluids of P. equorum into the conjunctival sac of 
horses Weinberg and Jullien observed, in two-thirds of the animals, a 
typical reaction lasting 12 to 24 hours and manifested by swelling of the 
eyelids and sometimes dyspnoea, diarrhoea and sweating), and also, after 
their absorption, toxic effects on the central nervous system resulting in 
clonic or tonic muscular spasms, excitement, mental disturbances and 
paralyses. Flury found nitrogenous poisons which caused severe in- 
testinal hemorrhage and also toxic bases resembling atropin and conine 
in their action. ‘The volatile fatty acid produced by A. vitulorum imparts 
a peculiar odour to the organs of the host. Again, the products of putre- 
faction and disintegration of dead worms may also play a pathological 
part (Gasteiger, Flury), causing a temporary increase of the clinical 
symptoms directly after the administration of vermifuges. 
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Anatomical Changes. In calves and lambs the flesh has a peculiar 
unpleasant odour. At the points of attachment of the worms to the 
mucous membrane of the intestine are seen small, round depressions, 
sometimes bleeding, with raised borders and catarrhal changes around 
them. When numerous worms are present there is diffuse inflammation 
of the small intestine, and also the formation of large, deep ulcers with 
thickened borders. Sometimes one, or occasionally several, perforation 
openings with irregular swollen borders are found in the intestinal wall 
at the mesenteric attachment. General peritonitis, abscess formation 
between the layers of the mesentery, or fatal haemorrhage may also be 
evident. In some cases there is obstruction of the intestine by clumps 
of worms (usually in horses and dogs) and occasionally rupture. In 
exceptional cases the worms are present in the stomach or in the pan- 
creatic or bile ducts; they may also be found free in the abdominal 
cavity without any apparent injury to the intestinal or gastric wall 
(cicatrisation). Gellmann found an Ascaris 24. cm. long in a swelling 
of the shoulder region of a horse resembling a hematoma. For a 
description of the pulmonary changes caused by migrating ascarids 
seep. 302. 

‘The number of worms present is sometimes very large. Parascaris has been found to the 
number of 1,800. Delamotte found 1,215 specimens (weighing 3°25 kg.), Marek 3,610; Descamps 


found A. vitulorum amounting to 15 litres in volume, Albrecht, 250 7. marginata in a 6-weeks-old 
dog, and Hall and Wyder 2,000 specimens. 


Symptoms. Asa rule serious symptoms are manifested only in cases 
of severe invasions, but symptoms of intestinal catarrh afe observed which 
do not always correspond to the number of worms present. In young 
animals the principal symptoms are those of nutritional disturbance and 
emaciation. ‘The appetite varies; it is seldom completely suppressed, and 
may be increased. ‘The mucous membranes are pale and the coat loses 
its gloss. Moderate diarrhoea may occur, sometimes alternating with 
constipation. In dogs,and cats vomiting sometimes occurs, as a result of 
which worms may be ejected from the stomach. In horses there is a 
tendency to licking fixed objects and to yawning. Severe colic may 
appear, especially in horses, and also in horses nervous disturbances in the 
form of spasmodic rigidity, epileptiform attacks, maniacal excitement 
followed by coma, paresis of the hind quarters and sweating. In dogs 
and cats maniacal attacks, transient muscular rigidity, more frequently 
paretic symptoms, are observed, and in sucking pigs convulsions. In 
eighteen of twenty horses Rubinstein and Julien observed a definite 
Abderhalden reaction. Heller and Becker found a slight degree of 
eosinophilia in horses and dogs. Occasionally there are symptoms of 
intestinal obstruction or acute peritonitis. Death may sometimes occur 
suddenly. Calves and lambs emit a peculiar penetrating odour re- 
sembling that of ether, chloroform, or alcohol. 
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The symptoms of ascaridosis of the lungs are most pronounced in very young animals and in 
sucklings during the first 2 weeks of life. They usually appear from 7 to 10 days after invasion, 
but in cases of continuous infection they may appear at any time, as Gasteiger has 
demonstrated in calves and Raffensberger in sucking pigs. ‘They consist in loss of appetite, 
cough, fever, accelerated respiration and signs of pneumonia. In mild cases the animals may 
recover in 1 to 2 weeks, while in severe cases death may occur in a few days, especially in sucking 
pigs (40 per cent. in Raffensberger’s observations), or the affection may take a chronic course 
with dyspnoea (30 per cent. in Raffensberger’s observations on sucking pigs), a condition 
known as “ thumps” in America, which, however, may also be caused by other forms of 
pneumonia. 

In acute cases migrating ascarid larve can be found in the pharyngeal or bronchial mucus. 
Raffensberger discovered them in the bronchial mucus in sucking pigs a few days after infection, 
and also many young ascarids in the small intestine (7 to 15 in a drop of mucus). 


Diagnosis. ‘This is determined in intestinal ascaridosis by the presence 
of round worms or their ova in the intestinal evacuations and sometimes 
by the presence of the worms in the vomit. In doubtful cases the ad- 
ministration of a vermifuge may be necessary to determine the diagnosis. 
With sufficient experience the disease can be detected by the peculiar 
odour of the expired air and the urine, especially in calves and lambs. 
In young animals a tentative diagnosis may be made from the presence 
of definite digestive disturbances with emaciation in spite of the retention 
or an increase of appetite. 

Treatment. This varies to some extent in different species of 
animals. ‘Treatment should be controlled by periodical microscopical 
examination of the feces for ova, or by counting the total number of 
worms discharged (after evacuation of all worms ova may be present 
in the feces for 10 days or longer). For the systematic control of the 
disease treatment should be repeated every month or every 2 months 
when proper disinfection of the animals’ quarters is impracticable and 
reinfection cannot therefore be avoided. 

In horses carbon bisulphide is a reliable remedy when given in the doses 
and mode of administration already described for gastrophilus larve 
(p. 260). During this treatment no fats or oils should be given owing to 
the danger of absorption. Carbon bisulphide treatment has produced 
total expulsion of the worms in 2 to g days in 100 per cent. of cases. 
Tetrachloride of carbon is also effective when given in the manner 
already described (p. 261), but sometimes causes toxic symptoms even 
when given in gelatin capsules or with liquid paraffin through a stomach 
tube. The same disadvantage applies to other preparations containing 
carbon tetrachloride. Gastin (a proprietary remedy consisting of the 
active principles of wood tar in the form of an emulsion given in gelatin 
capsules) is also effective and innocuous when given after 24 hours’ fast- 
ing. The action of this drug can be hastened, after a further 4 hours’ 
fasting, by the subcutaneous injection of 0-o1 to 0-02 gramme of arecoline, 
or by 100 to 200 grammes of neutral salts given by mouth. Oleum 
chenopodii has been found effective by American veterinarians when 
administered in gelatin capsules after 16 hours’ fasting (8 to 15 grammes 
according to the size of the animal) and immediately followed by a 
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purgative (castor oil, aloes), for the purpose of rapid evacuation of the 
drug, which after prolonged retention in the intestine may exert a toxic 
action on the host. Tartar emetic is also recommended as a reliable 
and rapid vermifuge (for weaned foals not more than 4 to 5 grammes, 
for those of 2 years 8 grammes, 3 years 10 grammes, and older 
animals 12 grammes, or two doses of 8 grammes on consecutive days) 
dissolved in hot water and given with bran gruel; its activity is 
increased by the addition of arsenic. In very young and in old 
animals, as well as in those which are debilitated, caution is necessary. 
Santostibin (an antimony-containing condensation product of naphtha- 
lene and benzol derivatives) is administered by Gartner by the stomach 
tube without previous fasting and subsequent purgation, and is said 
to be successful in over 80 per cent. of cases (for foals up to 1 year, 
10 grammes; up to 3 years, 15 to 20 grammes; for horses over 4 years, 
30 grammes). Fowler’s solution of arsenic often gives good results 
(for adult animals, 1 to 2 tablespoonfuls morning and evening for 5 
to 8 days; for foals, 1 teaspoonful) given in the drinking water. Oleum 
terebinthine may be given in doses of 50 grammes oe 300 grammes 
of castor oil. 

In calves Gasteiger obtained beneficial effects with tartar emetic (3 to 
5 grammes in 125 grammes distilled water) in doses of 1 tablespoonful in 
milk, and repeated every 3 or 4 hours till effective, also with areca nut 
with Santoniea (B.P.C.) (for calves up to 3 weeks, 10 : 5 grammes, up to 
5 weeks, 15: 7°5 grammes; over 5 weeks, 20: 10 grammes); Hornby 
found oil of turpentine (3:5 to 7-0 grammes) reliable for sucklings when 
given in castor oil as a morning draught for 2 days before suckling, and 
repeated after a week. Schlingman recommends for calves up to 1 to 
14 years 38 c.c. of tetrachlorethylene in gelatin capsules. Similar treat- 
ment with correspondingly smaller doses can be used for lambs, or the 
same drugs may be given as those advised in gastric strongylosis 
(p. 267). 

In young swine the following drugs may be given, placed in the order 
of their reliability and innocuousness, after a fasting period of 24 to 
36 hours: Oleum chenopodil, 1 gramme per 10 kg. of body weight, 
administered in linseed meal or milk, either by mouth or by stomach tube 
(Hall, Beckett); santonin (especially reliable against mature round worms) 
in doses of 0-3 to 0-5 gramme per 10 kg. body weight with o-g gramme 
calomel in gelatin capsules, followed in a few hours by 30 grammes of 
magnesium sulphate in solution (Morris, Martin). According to Young, 
santonin is most effective in doses of 0-12 gramme for 10 to 15 kg. body 
weight, 0-15 gramme for 15 to 25 kg., 0-18 gramme for 25 to 35 kg., 
0-24 gramme for 35 to 50 kg., dissolved in alcohol; also in hard capsules 
(under 25 kg. body weight 0-15 gramme, with 0-15 calomel and 0-3 
gramme aloin.) 


In dogs the following vermifuges are reliable: Oleum chenopodii 
VOL, WW. 20 
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(1 gramme per 10 kg. body weight, followed or preceded immediately by 
castor oil; in very young, old, or debilitated animals caution is necessary 
and the dose should be very considerably reduced); carbon tetrachloride 
(0-3 c.c.=0°5 gramme per kg. body weight) in soft gelatin capsules; 
tetrachlorethylene (0-66 c.c. per kg. body weight) in gelatin capsules 
with fat-free diet; santonin (especially recommended in cases with in- 
testinal catarrh) in doses of 0-015 to 0-065 gramme according to body size 
for 5 consecutive days 3 hours before food. 

Cats are very sensitive to vermifuges, and therefore carbon tetra- 
chloride and preparations containing it should be avoided. ‘Tetra- 
chlorethylene may be given in doses of o-2 c.c. per kg. body weight, 
and chenopodium oil and santonin in smaller doses than those for 
dogs. 

fur-bearing animals are often infested with round worms. Foxes 
should be treated from the age of 3 weeks with oleum chenopodii in 
doses of 0:75 gramme, or 0:05 to ovr c.c. per kg. body weight with at 
least 10 parts of castor oil, repeated in 10 to 12 days. According to 
Sprehn, carbon tetrachloride can be given in gelatin capsules in one-half 
to one-third the usual doses given to dogs. To prevent the danger of 
inhalation of the drug, which may induce fatal collapse, hard gelatin 
capsules have been prepared in a special way in order to avoid their 
being damaged in the mouth; similar capsules containing tetrachlor- 
ethylene are also prepared. e 

Prophylaxis. In addition to the destruction of the worms carefully 
collected after expulsion by vermifuges, the following measures are 
advised: Isolation of the healthy animals (after microscopical examina- 
tion of the feces); removal and destruction of the litter and evacuations 
by burning, burying or treating with hot lye; cleansing the animals’ 
houses and keeping them dry after thorough washing of the floor, 
walls, posts and mangers with boiling water and lye to destroy the worm 
ova and to remove all dirt (according to Roots, the ova are destroyed by 
the heat produced by adding to dung as much as 15 per cent. quicklime 
broken into pieces the size of a pea); limewashing the walls, etc.; and 
washing all utensils and implements with boiling water. ‘The floors 
should be frequently swept with a hard broom and sand, and the sweep- 
ings buried. Food troughs should be constructed so that the animals 
do not step into them while feeding, and a supply of pure drinking 
water secured. Once or twice a year the feeding enclosures should 
be changed and the old ones ploughed up; drinking places should be 
kept clean and free from mud, and concrete bathing pits construct ed 


for swine. 
® 


[Because of the high degree of resistance possessed by ascarid ova to the actions of chemical 
disinfectants, it is the more desirable that disinfection should be mainly directed to the actual 
removal of the ova, first by the removal of gross filth, followed by thorough scrubbing with 
a hot solution of lye and flushing with water.—Eb. | 
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For the protection of sucklings, in addition to anthelmintic treatment 
of the mother, it is advisable to keep the mamme and dependent parts of 
her body thoroughly clean. In large herds of swine gross dirt should 
be removed from the pregnant sows and the udders washed with soap 
and water; the animals are then placed in clean boxes or pens from which 
their faeces can be regularly removed and destroyed. During the suckling 
period the udders should be cleansed frequently and regularly. With 
the same object suckling calves may be provided with muzzles and, with 
their mothers, isolated from the rest of the herd. Unless the nursing 
mother has been successfully treated with vermifuges, the young animals 
with a long suckling period (foals, calves) should undergo anthelmintic 
treatment shortly before weaning, and after weaning be removed to an 
enclosure or pasture free from infection. 


McLean County System of Swine Sanitation. In the United States excellent results have been 
obtained by the “McLean County System” in combating ascaridosis in swine. This system, 
which was first advocated by Ransome, comprises three different measures: 

1. The farrowing pens are thoroughly disinfected by scrubbing with a hot alkaline solution 
—¢e.g., sodium carbonate; they are then flushed with water and later limewashed. 

2. Pregnant sows are subjected to an adequate anthelmintic treatment, and a few days later 
their bodies are thoroughly cleansed with soap and warm water, particular attention being 
paid to the teats and mammary glands; this is carried out about a week before farrowing. The 
sows are then admitted to the clean farrowing pens. : 

3. The sows and their litters, when these are about 10 days old, are then allowed to occupy 
only “‘ clean’ premises or pastures—t.e., only those which have not been occupied by pigs 
for a period of at least 1 year. ‘This procedure is observed until the young pigs are at least 
4 months old, by which time they have developed very considerable resistance to ascarid 
infestation. 

This simple method has proved of great economic value. 


(m) Round Worms in Birds (Heterakidosis Avium) 


Etiology. The round worms found in domestic birds belong chiefly 
to the family Heterakide, and are represented by members of the genera 
Ascaridia, Heterakis, Subulura, Pseudaspidodera and Porrocecum (family 
Ascaride). 


Ascaridia galli (A. lineata, A. perspicillum). Has three large lips. Male 50 to 78 mm. long, with 
10 pairs of papille at the posterior end, and spicules 1-4 to 2-4 mm. long. Female 60 to 120 mm. 
long, with vulva in anterior third of the body. Ova 
elliptical, 80 to 85 p long, 43 to 47 » wide. Lives 
in the small intestine of fowls, ducks, geese, pheasants, 
- turkeys and guinea-fowls. One of the commonest 
round worms in poultry. 

A. columba (A. maculosa). Male 16 to 30 (accord- 
ing to Baylis, 70) mm. long, with 14 pairs of papille 
at the posterior end. Female 20 to 40 (according , \ ; 
to Baylis, 95) mm. long; ova : go X 40 to 5° in ero 
Si in pi n present in large 
ies Se gone :. Fic. 66.—Ova oF (1) Heterakis gallina, 

Heterakis galline (H. vesicularis, H. papillosa). Has (2) Ascaridia galli, (3) A. columbe. 
three well-defined lips. Male 6 to 13 mm. long, with 
pointed tail end on which are two well-developed caudal ale. Female 8 to 15 mm. long. 
Ova bluntly oval, 66 to 7440 to 44 win size. Common in the cecum of fowl, turkey, 


guinea-fowl and pheasant. 
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H. dispar. Somewhat larger than the preceding form. Ova 59 to 6239 to 41 yp in size. 
Found in the cecum of the goose and duck. 

H. isolonche. Resembles H. galline. Ova 73X44 in size. Found in cecum of pheasant. 

H. beramporia. Infests fowls in India and the Philippine Islands. 

Other species more rarely found are Subulura differens (in fowls), S. brumpti (in fowls), S. suctoria 
(in fowls), Pseudaspidodera pavonis (in peacock), Porrocecum crassum (in duck and turkey), and P, 
ensicaudatum (in duck). In South Africa, Hartertia gallinarum (Filaria gallinarum), of the family 
Spiruride, is also found in fowls. 


Development of Round Worms in Birds. ‘The ova of Ascaridia and Heterakis, 
when evacuated in the feeces and exposed to air, moisture and warmth, imme- 
diately begin to segment, and during the warm months of the year develop in 
8 to 15 days into vermiform embryos which escape from the egg membrane 
when they reach the glandular and muscular stomachs and small intestine of 
the host. In the case of Ascaridia the embryos penetrate Lieberkiihn’s follicles 
in the mucous membrane of the small intestine. Sometimes (according to 
Sprehn always) they migrate by way of the liver and lungs in the manner 
already described, and eventually return to the intestine as larve which, 
after a total developmental period of about 6 weeks, become sexually 
mature. (According to Stagaki, this migration does not occur in Ascaridia 
perspicillum.) 

In the case of Heterakis, the larve (according to Baker) may cause some damage 
in the glandular epithelium up to the fourth day after infection, but then 
return to the lumen of the gut, where they become sexually mature in 
4 weeks. H. tsolenche, however, remains in its burrow until development is 
complete. 7 

In the species of Subulura, Porrocecum and Hartertia development takes place 
in an intermediate host. 


Infection usually takes place through food and drinking water, but 
sometimes from the consumption of earth worms which have ingested 
round-worm ova with their food. 

Anatomical Changes. In infections with Ascaridia, inflammatory 
changes of varied degree and extent are found in the small intestine, and 
sometimes intestinal obstruction from clumps of worms. Occasionally 
some worms are found free in the abdominal cavity without any visible 
sign of penetration of the wall of the intestine. Heterakids sometimes 
give rise to a papular formation in the cecum (typhlitis verrucosa) in 
which the mucous membrane is thickened and studded with papules 
from the size of a pin’s head to that of a pea. In pheasants each papule 
contains a specimen of H. isolonche. In H. beramporia the larve cause the 
formation of nodules in the walls of the ceca. 

Symptoms. These are most pronounced in young birds. In 
massive invasions by Ascaridia the symptoms consist in emaciation, anemia, 
lassitude, diarrhoea, falling of the feathers and retarded development, 
and in severe cases loss of appetite and reduced oviposition (sometimes 
the worms are found in the eggs). In this way the power of resistance 
of the body against infectious diseases is reduced. 

Heterakids seldom produce pathological changes in fowls, but fre- 
quently do so in pheasants and geese. ‘The symptoms are similar to those 
produced by Ascaridia. 
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Diagnosis. ‘This depends on the presence of spontaneously evacuated 
worms, the microscopic detection of ova in the feces, and the results of 
post-mortem examination. In severe cases infectious diseases must 
always be excluded, because round worms sometimes inhabit the intestine 
without apparent damage. 

Treatment. The most suitable time for the administration of 
vermifuges is in the morning before feeding time. The worms are com- 
paratively easily expelled from the small intestine, but heterakids are 
difficult to remove from the ceca, and entirely resist the action of some 
vermifuges. This is explained by the fact that the vermifuge, along with 
the contents of the small intestine, can easily pass over the ileo-cecal 
opening and escape the suction of the ceca, which only occurs at long 
intervals. 

Tetrachloride of carbon can be given to fowls in doses of 3 c.c., for 
chickens 1 to 2 c.c. in gelatin capsules. Broerman claims 100 per cent. 
successful results from this treatment Schlingman recommends tetra- 
chlorethylene as being reliable against Ascaridia, but not against heterakids 
(dose for fowls 1 c.c. in gelatin capsules). The administration of tobacco 
(Beach and Freeborn, Graybill and Beach) has proved useful as a mass 
treatment. It may be given either in the form of a mixture of powdered 
tobacco and thick meal mash (continued for 3 weeks) or an aqueous 
infusion of tobacco mixed with groats. In the latter method, for 100 fowls 
450 grammes of powdered tobacco or the leaf stalks are placed in sufficient 
water to cover for 2 hours and then given with half the ration of food 
after the birds have fasted for 15 hours; an hour later 300 grammes of 
magnesium sulphate (for 100 fowls) are administered, and a quarter of 
the usual food ration given. ‘The treatment is repeated after a week. 
As the effectiveness of this treatment depends on the nicotine content, 
a concentrated (40 per cent.) solution of nicotine sulphate has been 
recently introduced (known in America as “ blackleaf 40”). This is 
given to fowls in doses of 0-5 gramme in gelatin capsules (not innocuous) ; 
for mass treatment it is mixed with dry mash in the proportion of 2 : 100 
grammes (Graybill and Beach). Blecker and Smith employ this remedy 
(in doses of o-1 to 0-3 gramme) with 1 gramme of kamala, Rebrassier 
with o-2 gramme of pyrethrum powder. 


Phenathiazine (dose 2 to 6 grains) [0:12 to 0:4 gramme] has recently proved a valuable 
agent in the treatment of heterakosis of poultry. 


In pigeons with light infections Picard obtained good results with a 
mixture of oleum anisi and olive oil (1 : 100, 1 teaspoonful daily). For 
the expulsion of round worms from the cecum enemata of oleum cheno- 
podii have been tried in America (0-1 c.c.=o-1 gramme with 5 c.c of 
fatty oil), administered with a small enema syringe, the nozzle of which 
is introduced deeply into the cloaca (Hall). On the other hand, the 
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method of introducing a catheter as far as the cecal opening, originally 
proposed by Browne, did not prove practicable. 

Prophylaxis. Prophylaxis is essentially the same as in round-worm 
infestation of mammals (vide supra)—t.e., isolation of healthy birds (after 
microscopical examination of the feeces) and treatment of apparently 
healthy birds found to be worm carriers; also burning or burying the 
carcasses of dead birds and the viscera of those which have been 
slaughtered, daily collection and burning of the feces, frequent scouring, 
washing with hot water and limewashing the walls of the poultry houses, 
planing the roosting perches, nests and other wooden parts of the houses, 
digging up the floor and replacing it with fresh sand, and regular scouring 
of food and drinking utensils. 


(n) Pin Worms in the Intestine (Oxyuridosis) 


Etiology. Oxyurid worms often infest horses, occasionally in great 
numbers. In a case of Jerke’s 300 worms were expelled from a horse and 
forty-four living ones found in the intestine on post-mortem examination. 
Oxyurid worms are characterised by the large size of the female in com- 
parison with the male, the strong development of Biles anterior part of the 
body, and the characteristic shape of the ova. 


Oxyuris equi (O. curvula, O. mastigodes). Inhabits the large intestine of the horse, ass, mule and 
zebra. Female (Fig. 67) 40 to 150 mm. long, anterior end thick and curved, posterior end taper- 
ing. Male 9 to 12 mm. long. Ova (Fig. 68) 85 to 95x41 to 50 p in size, flattened on one side 
and furnished with a plug-like structure at one pole. 

O. poculum. Differs from the preceding form in the length of the spicula in the male. Found 
in horses in Ceylon. 

Enterobius vermicularis (O. vermicularis). This is the common thread worm of man, and 
according to Ziirn is also found in dogs. 

Skrjabinema ovis. Found in sheep and goats in various countries. 

Passalurus ambiguus. Found in rabbits. 

Syphacia obvelata (O. obvelata). Found in various rodents, and also in guinea-pigs. 


Development of Oxyuris. ‘The ova are found as grey glutinous masses adhering 
to the skin of the anal region and on the under surface of the tail. On exposure 
to the oxygen of the air, and in the favourable conditions of warmth and 
moisture provided by the anal region, the embryos develop rapidly (according 
to Jerke in 3 days in an incubator at 38° C.). The ova are very resistant and 
retain their vitality for 2 to 4 months, and can withstand a temperature of — 8° C. 
for 6 weeks. Clumps of ova which have dried up fall on the ground, together 
with epidermic scales, or are also deposited on surrounding objects by the 
animal rubbing its hind quarters against them. After the ingestion of em- 
bryonated ova with the litter or with fodder which has become contaminated 
(pasture plants contaminated by manure) and their arrival in the stomach, the 
plug of the egg shell becomes loosened and the embryo is freed and passes on 
to the large intestine, where it attains sexual maturity in about 3 to 4 months. 
According to Roger, Oxyuris ova are also disseminated by flies. 


Symptoms. While in the colon the worms usually move freely in 
the intestinal contents, but according to Wetzel’s investigation they suck 
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nourishment from the mucous membrane of the host, and in this way 
may cause small abrasions. Contrary to the generally accepted opinion, 
therefore, the worms are not always harmless, and may cause repeated 
attacks of colic and even enteritis, with resulting debility. A common 
symptom is the more or less severe itching in the anal region, causing 
the animals to rub against fixed objects, which may lead to eczematous 
dermatitis of the perineum, the root of the tail and the thighs. The 
dry ova, mixed with epidermic scales and particles of faces, form 
greenish-yellow or dirty grey scales around the anus and perineum 
and the under surface of the tail, upon which the skin is red or abraded. 
The hairs of the tail break off or fall out. The female worm may be 


Fic. 67.—Oxyuris equi : LEFT, Fic. 68.—Ova oF Oxyuris equi. 
FEMALE; RiGHT, MALE. 


found adhering to the skin round the anus, or on the surface of fecal 
balls removed by rectal exploration, but the diagnosis frequently depends 
on the results of microscopic examination for ova in scrapings from the 
anal region taken by means of a wooden spatula moistened with glycerin 
and water. 

Treatment. Hall, Wilson and Wigdor advocate the administration 
of oleum chenopodii after 24 to 36 hours’ fasting (3-5 grammes per 100 
kg. body weight, or 12 to 20 grammes according to body size, preceded 
or followed by a litre of linseed oil or an aloes bolus, sometimes also 
with the addition of castor oil). In pregnant mares, for which oil of 
chenopodium may be dangerous, carbon tetrachloride treatment (p. 261) 
is recommended by de Blieck and Bender. 

Oleum terebinthine (60 c.c. per 455 kg. body weight with a fatty oil 
similar to chenopodium) is effective, and also tartar emetic (p. 305). 
Donnat obtained good results with thymol (7 to 8 grammes for 3 to 4 
consecutive days, or with 15 grammes of tartar emetic). Rectal 
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enemata consisting of infusion of quassia or a 5 per cent. saline solu- 
tion may be given. The anal region should be washed with soap and 
water. 


(0) Whip Worms and Hair Worms in the Intestine 
(Trichuridosis et Capillariosis) 


In mammals and also in domestic birds members of the genus Trichuris 
(whip worms) and Capillaria (hair worms) are fairly common. ‘These worms 
beiong to the family Trichinellide, to which also belongs Trichinella spiralis, 
which is of special importance (see Trichinosis). In Trichuris there is a long 
filiform anterior portion and a short thick cylindrical posterior portion (coiled 


Fic. 69.—Ova or (1) Trichuris vulpis, (2) Trichuris suis, (3) Trichuris ovis. 


in the male), while in Capillaria the width is almost uniform. In both forms the 
ova are lemon-shaped (owing to the presence of a plug of mucus at both ends). 
In Trichuris the ova are yellow to dark brown, in Capillaria colourless (Figs. 
69,70). ‘The different species can be distinguished partly by variations in colour 
of the ova, but chiefly by differences in size and shape. At the time of oviposi- 
tion the ova are unsegmented, and in temperate climates the development of 
the embryo may take from 3 to 12 months, but in tropical regions and when 
artificially incubated at a uniformly high temperature a visible embryo may 
appear in I to 4 weeks, according to species. Such embryonated ova are very 
resistant and may survive in the open for 5 years. After ingestion of the ova 
with food or water the mucoid plugs of their envelopes are digested in the 
stomach of the host and the escaped embryos attain sexual maturity in 3 to 
5 weeks either under the protection of the mucoid covering of the mucous 
membrane, or after a short stay in the villi of the small intestine some pass 
through to the cecum. ‘They attach themselves by their anterior extremities 
to the furrows in the mucous membrane. 


Trichuris ovis (Trichocephalus affinis). Male and female 5 to 8 cm. long; ova 70 to 80 y» long 
(including mucoid plugs), 30 to 40 « wide. Inhabits cecum and colon of ruminants, especially 
sheep, goats, camels, deer, and more rarely cattle. 

Trichuris vulpis (Trichocephalus depressiusculus). 4°5 to 7°5 cm. long; 
ova 70 to 80X37 to 40 win size. Inhabits cecum of dog and fox (Hall 
and Wigdor, in Detroit, found 40 per cent. of 300 dogs infected). 

Trichuris serrata (T. campanula). 4 to 4:8 cm. long; ova 56X39 pw in 
size. Inhabits cecum of cats. 

Trichuris trichiura ( Trichocephalus crenatus, T. hominis, T. suis). 3 to5cm. 
long; ova 50 to 56X21 to 25 w in size. Inhabits cecum and colon of 
Fic. 70.—QOvaA oF man and domestic and wild swine. One of the commonest intestinal 

(1) Capillaria longi- parasites, and found in 40 to 50 per cent. of all swine, especially in 
collis, (2) Capil- young and old animals. ‘The human and pig forms of Trichuris are now 
laria columbe. regarded as being morphologically identical. 
. Trichuris cameli (Trichocephalus echinophyllus). Found in camel and 
dromedary; T. leporis in rabbits, 7. muris in guinea-pigs. 

Capillaria longipes. 1-1 to 1*3 cm. long; ova 45 to 50X22 to 25 pu. Inhabits small intestine 

of sheep. 
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C. brevipes. 0:8 to 1-2 cm. long, ova 50X25 pw. Inhabits small intestine of sheep. 

C. bovis. 1:2 to 2:0 cm. long; ova 47X27 yu. Inhabits small intestine of cattle. 

C. linearis. 3°8 to 7-6 mm. long. Inhabits small intestine of cat. 

In birds the following occur: 

Capillaria retusa (Trichosoma retusum). Male 9 to 13 mm., female 13 to 15:4 mm. long ; ova 
46 to 50X22 to 25 pw. Inhabits cecum of fowls. 

C’. longicollis (Trichosoma caudinflatum). Male 9 to 17-6 mm., female 14 to 26 mm. long; ova 
47 to 55X20 to 24 uw. Inhabits small intestine, more rarely cecum of fowls. 

C. columbe (Trichosoma tenuissimum). 10 to13 mm. long; ova 46 to 54.X 25 to 28 wu. Common in 
small intestine of pigeon and fowl. 

C. anatis (Trichosoma brevicolle). 12 to 18-8 mm. long; ova 42 to 51X22 to 26 yw. Found in 
small intestine and cecum of duck and goose. 


Clinical Symptoms in Mammals. In ruminants definite symptoms are 
usually absent. In the dog, fox and swine massive invasion may cause catarrh 
of the cecum, with abdominal pain and often hemorrhagic diarrhoea, and 
occasionally hemorrhagic enteritis and sometimes intestinal invagination. 
The origin of these symptoms can be determined by microscopic detection 
in the faeces of numerous Trichuris ova when other worm infestations can be 
excluded. Capillaria worms apparently cause no symptoms in mammals. 

In birds symptoms are comparatively rare except in cases of severe in- 
vasion. In such cases the invasion may assume an enzootic form among the 
young birds, with symptoms of intestinal catarrh or enteritis, especially in 
pigeons, and occasionally in chickens (of $ to 2 months), turkeys, guinea-fowl 
and pheasants. Such cases are usually fatal in 3 to 10 days. In older birds 
nutritional disturbances are observed (emaciation, anemia and moulting), 
together with diminution of the functions of ovulation and oviposition, which 
may end fatally in 2 to 4 weeks. Occasionally nervous symptoms occur (circus 
movements, paresis) and sometimes rapidly disappear after expulsion of the 
worms. | 

Diagnosis depends on the microscopic detection of the ova of Capillaria or 
on post-mortem findings. In the latter case the worms can be discovered by 
drawing a packing needle slowly through the usually slimy intestinal contents, 
from which they can be raised as fine hair-like structures. At the same time 
scrapings from the mucous membrane should be examined by dark-ground 
illumination. 

Treatment in mammals does not always yield satisfactory results owing to the 
deep penetration of the heads of the worms into the mucous membrane, and 
also to their predilection for the cecum, which is difficult of access to vermifuges. 
For dogs Hall recommends prolonged treatment with santonin (p. 306) till the 
ova disappear from the feces. Rectal infusions of vermifuges, and even of soap 
and water, are sometimes effective. Branchini cured a dog with carbon 
tetrachloride (p. 306). David found thymol and also santonin effective in 
swine. 

In poultry treatment also often fails. Picard obtained good results with oleum 
anisi and olive oil (1: 100, a teaspoonful daily); Lahaye with calomel (0-02 
gramme), together with extract of catechu, one pill on three successive days on 
an empty stomach ; Rietz and Cram with carbon tetrachloride (1 c.c.), but other 
observers found this remedy ineffective. 

Prophylaxis consists in maintaining the animals’ houses and feeding 
utensils in a hygienic condition, supervision of the food and water, and isolation 
of worm carriers. 
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(p) Hook Worms in the Intestine (Ancylostomatosis) 


Formerly the genera Ancylostoma, Uncinaria, Bunostomum and_ Globo- 
cephalus were included under the general term Dochmius. ‘The common 
morphological characters consist in a hook-shaped dorsal curvature of 
the head end (hence the terms hook worm, Ancylostoma, Bunostomum, 
Uncinaria) and the presence of chitinous teeth and ridges in the mouth 


capsule, which enable the worms to cause injury to the mucous 
membrane. 


(2) Hook-Worm Infestation of the Dog and Silver Fox 


Occurrence. Hook-worm infestation occurs especially in dogs kept 
in packs (gun dogs, packs of hounds) and is widespread in France, Italy, 
Japan, Senegal (according to Thiroux and Teppaz in 75 per cent. of 
dogs), the Punjab in British India (according to Pease in 58 per cent. of 
the dogs), also in America (according to Wigdor in 30 to 50 per cent. 
in most States), and in Southern Morocco (according to Bouin in 54:9 
per cent.). It has also been observed in Hungary and in Germany. 


The disease is also universal in fox farms, where it affects animals from 
2 to 6 months old. 


Etiology. Hook worms affecting carnivora have a chitinous mouth 
capsule furnished with teeth or ridges; the male has also a bell-shaped 
bursa at the posterior end. In the dog and fox species of the genera 
Ancylostoma and Uneinaria occur, of which Ancylostoma is the more dangerous 
in the dog and Uncinaria in the fox. 


Ancylostoma caninum. A white filiform worm with a slightly bulging mouth capsule, on the 
ventral side of which are three pairs of teeth bent inwards and attached to chitinous plates on each 
side; there are also two lanceolate teeth on the lower lateral wall. Male 9 to 12 mm. long, with 
a three-lobed bursa, the middle lobe of which is small. Female 15 to 20 mm. long, with vulva 
at the junction of the middle and posterior thirds of the body. Ova oval, 74 to 84 48 to 54 u, 
with 2 to 8 segmentation cells. ‘This worm, which is closely allied to Ancylostoma duodenale, inhabits 
the small intestine of the dog, cat and fox. 

Uncinaria stenocephala (Dochmoides stenocephala). Somewhat smaller than the above. Mou th 
capsule conical, and has a pair of ventral cutting plates and a pair of subventral teeth near its 
base. Ova oval, 63 to 76 x 32 to 38 yw, with 2 to 8 segmentation cells. Found in small intestine 
of dog and fox. 

The occurrence of Ancylostoma duodenale in the dog is not proved (Looss infected young dogs, 
but Naakajima’s experiments point to its specificity for man). Another speciesin dogs is 


A. braziliense (A. ceylanicum). Necator americanus is rare in dogs, but common in swine in 
Trinidad. 


Development of Ancylostoma and Uncinaria. Under exposure to air and in the 
absence of direct sunlight, or in the dark, and at an optimum temperature of 25° 
to 35° C. the embryo hatches in 24 hours, at 12° C. in about 14 days, and under 
the usual external conditions in 7 to 14 days; while at temperatures below 5° C. 
its development is arrested. ‘The rhabditiform larva undergoes its first moult 
after 3 days and casts its skin, after which its original length is increased two or 
threefold. ‘The second moult occurs after another 3 or 4 days, but this time the 
larva remains in the loosened skin. Only these ensheathed larve are capable of 
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infection. They are very motile and seek moist places (soil, water, etc.), from 

which they attempt to climb to higher objects. Under favourable conditions 
they remain viable for 6 or 7 months. On gaining access to a suitable host the 
larve lose their sheath at the point of invasion, and after migrating through the 
lungs like Ascaris larve they reach the small intestine and become sexually 
mature. 


Infection takes place from drinking contaminated water, or by walking 
in infected water, mud or feces. In fox farms the deposit of dew on the 
grass of the enclosures is important as a source of infection, because with 
the rise of the morning temperature the larve crawl upwards and are 
easily ingested by the animals. For this reason the disease is more 
prevalent at warm periods of the year. According to Ligniéres, dis- 
temper or any disease which impairs digestion increases the liability to 
infection. The entrance of the larve takes place partly through the 
buccal cavity with the food or drinking water, when, according to 
Miyagawa, some of them penetrate through the wall of the cesophagus 
. and some through the wall of the stomach, while those which are carried 
from the stomach to the intestine penetrate the intestinal wall and then 
migrate by way of the lungs, as in the following mode of infection. In- 
fection through the intact skin and mucous membranes has been proved 
experimentally by Looss, Cuille and Shirai (in man it is the usual mode 
of infection). ‘The motile larve bore their way in a few minutes through 
the skin by way of the hair follicles, cast their cuticle, and then enter 
the adjacent veins and lymphatics and so reach the right side of the 
heart, by which they are driven into the capillaries of the lung. Here 
they remain and penetrate the alveolar walls, enter the bronchi and 
trachea, and pass over the epiglottis into the cesophagus. ‘They are then 
swallowed and so enter the stomach, from which they pass on into the 
intestine. Some of the larve, however, pass through the capillaries of 
the lungs and enter the greater circulation and are also carried to the 
intestinal wall. In cutaneous invasions through the abdominal wall 
the larve may invade the abdominal organs from their surface, and 
also migrate from the abdominal cavity through the diaphragm into 
the thoracic cavity and so reach the lungs. Some larve remain in 
the lymphatic glands, where they die and become encapsulated, while 
others wander at random in the connective tissue, where they may 
remain alive for 5 years or more. Intra-uterine invasion is also possible, 
as Adler and Clark found fully developed ancylostomes in puppies from 
2 to 15 days old, and Ackert and Payne found WNecator americanus in 
26-day-old sucking pigs, though the complete developmental period in 
Ancylostoma 1s 3 to 4 weeks and in Necator 6 weeks. 

Invasion by Uncinaria larve, according to Fiilleborn’s experiments, 
may sometimes take place without any migration through the lungs to 
the intestine, when the larve first enter the glandular ducts and later 
return to the intestinal lumen. — 
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After massive artificial cutaneous invasion the animals in the course of a few minutes 
showed symptoms of restlessness, rolling, yelping, and looking round at the site ofinfection, due 
to the irritation of the skin caused by the penetration of the larve. On the following day they 
manifested nausea and lassitude, after 5 days they became voracious, and from the tenth day 
suffered from hemorrhagic diarrhoea, and from the twelfth to eighteenth day worm ova were 
present in the feces. After 20 to 30 days the animals usually died (in very young or old animals 
or after especially severe invasion after 10 days). Larger animals suffered only from progres- 
sive anemia and remained alive for a long time. 


Pathogenesis. Hook worms attach themselves by their mouth 
capsule between the folds of mucous membrane, draw this into the 
mouth capsule and cesophagus, bite the mucous membrane with their 
chitinous teeth (Figs. 71, 72), and suck the blood from the punctured 
bloodvessels. As they often vary their position (some remain attached 
in the same place—Wells) and also secrete a substance which inhibits 
coagulation of the blood they may cause considerable loss of blood from 


Fic. 71.—HEAD AND BuccaL Cavity oF Ancylostoma Fic. 72.—Ancylostoma caninum: Heap END 


caninum (AFTER NEUMANN AND MAYER). (AFTER RILEY AND Fircw). 
A, Lateral; B, dorsal aspect ; a, three curved teeth; @, Curved teeth; 5, tooth-like body at 
b, edge of mouth capsule; c, buccal cavity; base of buccal cavity; c, sharp-pointed 
d, sharp-pointed tooth at dorso-anterior border; tooth at base of buccal cavity. 


e, tooth-like body at base of buccal cavity ; 
J, pharynx (schematic). 


even minute abrasions, which in severe invasions leads to anemia. The 
amount of blood absorbed by a single worm has been estimated at 0°8 c.c. 
in 24. hours. An important réle is played by the hemolytic toxin of the 
worms which is excreted in the intestine. Besides the mechanical irrita- 
tion of the mucosa, the punctures in the mucous membrane open the 
way for bacterial infection. Also various micro-organisms adhering to 
the bodies of wandering larve may be carried along with them. In 
the same way bacteria may invade the skin through the apertures 


made by the larve and set up a papulo-pustular dermatitis (creeping ~ 


eruption), or accompany the larve into the subcutaneous tissue and 
cause cellulitis, Im McCoy’s experiments. a considerable degree of 
immunity against reinfection for the duration of the invasion was 
established. “4 
Anatomical Changes. At the points of attachment of the worms 
punctiform hemorrhages of various sizes are found; the contents of the 
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intestine are sometimes hemorrhagic, and in the duodenum and jejunum 
acute or later chronic catarrh with thickening of the intestinal wall is 
often present. Shortly after death the parasites are found adhering to 
the mucous membrane; later they become mixed with the intestinal 


contents, and in severe invasions may be present in hundreds. The 


mesenteric and peribronchial and (according to Lafon and Martin) the 
whole of the lymphatic glands are enlarged. In all fatal cases there are 
signs of severe anemia and often hydremia. 

Symptoms. In the dog the symptoms begin with indefinite digestive 
disturbances, soon followed by anemia, which dominates the clinical 
picture. At the same time there is increasing debility and emaciation; 
aiter even moderate exertion exhaustion is soon evident. In the further 
course of the disease the skin becomes dry, the coat harsh, and the 
extremities oedematous, at first temporarily, but later permanently. At 


Fic. 73.—Uncinaria criniformis ; HEAD END Fic. 74.—-Ovum oF Ancylostoma caninum 
(AFTER Rivey AND FrrcH). AND Ovum oF Uncinaria vulpis. 


a, Cutting plates in buccal cavity. 


first there is constipation, but later diarrhoea, with periodical hemorrhagic 
evacuations. In mild cases, and also in the early stage of severe cases, 
there are often traces of blood in the faeces, or the tests for blood may be 
positive (p. 134). The alleged enlargement of the whole of the lymphatic 
glands is not confirmed by our own observations, and albuminuria is 
only rarely observed. French and Italian observers mention epistaxis 
as a common symptom (saignement de nez des chiens de meute), and 
Panda observed epistaxis in association with sudden blindness. The 
duration of the disease may extend to a year, during which the whole 
of a pack of hounds may be fatally affected. On the other hand, mild 
cases occur in which the intestinal. and nutritional changes are of 
slight degree and in which there are only slight traces of blood in the 
faeces. ie 
In the silver fox the disease is comparatively common. In animals 
3 to 6 months old severe invasion causes emaciation, retarded develop- 
ment, harshness of the fur, intestinal disturbances and anemia. 
Diagnosis. This depends on microscopical examination of the faeces 
for worm ova; the worms themselves are only found in the faces after they 
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have been expelled by a vermifuge. A suggestive diagnosis may be made 
in packs of hounds and kennel dogs when they manifest hemorrhagic 
diarrhcea (or intestinal bleeding is detected chemically), increasing 
anemia, or general enlargement of the lymphatic glands, albuminuria 
and nephritis. Linguatula serrata may give rise to epistaxis, but nutritional . 
disturbances and anemia are absent. Other forms of anemia can be 
distinguished by the unaltered condition of the feces. 

Treatment. Hall’s experiments and also the results of practical 
experience indicate that the most effective treatment in dogs is by 
carbon’ tetrachloride, given in2a: single dosexof 0:3 <c.c. per ae ke. 
body weight after 12 to 16 hours’ fasting in hard gelatin capsules, and 
not followed by a purgative. The next feed should be given 2 to 3 
hours afterwards. This drug is contra-indicated in cases with hemor- 
rhagic enteritis, hepatic cirrhosis and nephritis. Beneficial effects. are 
also produced by a mixture of carbon tetrachloride and thymol or carbon 
tetrachloride and oleum chenopodii (3: 1) in a dose of 0-3 c.c. to 1 kg. 
body weight in hard gelatin capsules (unreliable without capsules or in 
smaller doses). A combination of oleum chenopodi with chloroform. is 
said to have been successful in 85:5 per cent. of cases treated with 0-1 c.c. 
of chenopodium oil to 1 kg. body weight (or 0-30 c.c. up to 5 kg. body 
weight, 0-60 c.c. for 5 to 10 kg., o-go c.c. for 10 to 15 kg., 1-2, c.c. for 15 to 
20 kg.) given in soft gelatin capsules, followed immediate y by 0-2 c.c. 
chloroform (to 1 kg. body weight) containing sufficient castor oil (up to 
30 c.c.) to produce purgation. The chloroform may also be given in 
gelatin capsules and followed by the castor oil (in very debilitated 
animals not free from danger). Good effects have been produced by 
oil of chenopodium alone in 3 doses of o-1 c.c. per kg. body weight 
given in soft gelatin capsules, each dose being followed after an 
hour’s interval by a dose of castor oil, and after 14 hours’ interval 
by chloroform in castor oil. In all cases a nourishing diet of milk, meat 
and eggs should be given, with special attention to the presence of 
anemia. 

In foxes good results are obtained with tetrachlorethylene in doses 
of 0-2 c.c. per kg. body weight, given in soft gelatin capsules after 12 to 
14. hours’ fasting. Tetrachloride of carbon (in doses of 0-3 c.c. per kg. 
body weight), although otherwise reliable, in young animals especially, 
but also in adults, through their biting the gelatin capsules, may cause 
fatal poisoning, either directly or indirectly, from intralobular hepatic 
necrosis. Aspiration of the drug may also cause coma, but this can 
be treated by artificial respiration. In order to avoid this toxic action 
Ullrich uses a combination of carbon tetrachloride with liquid paraffin 
in gelatin capsules, or Sprehn’s worm capsules (tetrachlorethylene), 
-and American observers recommend a fat-free diet with the addition 
of calcium. Riley and Fitch obtained good results with chenopodium 
oil in doses of 0:06 to 0:18 c.c. per kg. body weight (smaller doses for 
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debilitated animals) in gelatin capsules, which are embedded in a piece 
of meat and swallowed. For 1 to 2 hours previously the animal is given 
little food, and 4 hours afterwards plenty of raw liver, which acts as an 
aperient. 


The value of phenathiazine in ancylostomatosis in animals has not yet been extensively 
tested; the dose for dogs is 0:5 to 1 gramme, 


Prophylaxis. ‘This consists in scrupulous cleanliness of the animals’ 
quarters and food utensils, which should be cleansed daily, and a plentiful 
supply of pure drinking water, so that the animals will not be led to 
drink dirty water from puddles. Infected animals must be isolated and 
their evacuations destroyed. It has been advised that hounds returning 
from the hunt should be immediately cleansed from adhering soil and 
mud, owing to the possibility of infection through the feces of the 
foxes. 


Hook-worm Infestation in Cats and Feline Beasts of Prey. In 
cats infection with Ancylostoma caninum is uncommon, but an epizootic was 
reported in Italy by Parona and Grassi. In India infection with A. caninum 
and Ancylostoma braziliense has been observed. In two tigers in the zoological 
garden at Munich Kitt observed fatal infection presumably caused by a 
new species (Uncinaria perrodens). Several cases in feline beasts of prey 
have been described; it is stated that nearly two-thirds of the lions 
and tigers in the zoological garden at Amsterdam are infested with hook 
worms. 

The anatomical changes found in Kitt’s cases differed from those usually present 
in dogs in the formation of slate-coloured projections from the wall of the 
intestine resembling diverticula, and containing worms and their ova. These 
structures communicated with the intestine by an ulcerative opening, and in~ 
some cases had perforated the intestine and allowed worms to escape into the 
abdominal cavity and cause sero-hemorrhagic peritonitis. 

The symptoms resemble those manifested in severe cases in dogs (Tifo 
dei gatti ital.), but usually develop more slowly, so that not till after a 
few months are definite symptoms pronounced; probably also associated 
with epileptiform attacks. On the other hand, even manifestly diseased 
animals occasionally recover. In tigers Kitt observed abdominal disten- 
sion resulting from ascites and peritonitis, loss of appetite and_ finally 
exhaustion. 

The treatment is the same as for dogs, correspondingly smaller doses being 
employed. 


(8) Hook-Worm Infestation in Ruminants (Bunostomosis 
Ruminantium) 


Occurrence. The disease is limited to certain regions, where it 
occasionally causes death among animals both when housed and at 
pasture, and chiefly or exclusively in young animals 3 to 4 months old. 
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In North America especially it occurs in several regions, and is often 
enzootic. According to Dawson, it is common in Southern Texas and 
Florida, where it is known as “ salt-sick.”” Recent investigations by 
Becker, Neal and Shealy, however, show that “‘ salt-sick’’ is a nutritional 
anemia due to pasturing on places where the vegetable growth is poor in 
iron and copper.* According to Stiles, 50 per cent. of the cattle in America 
are infected. Kauzal and Graham, in New South Wales, found 11 per 
cent. of sheep affected. In Europe several Alpine regions (Salzburg, 
Lower Austria, Steirmark, Karnten) are centres of infection where in the 
post-war period in the whole of some regions calf breeding was abandoned 
owing to the great increase in herd infections. Cases have also been 
observed in Bohemia, Hungary, Servia, Germany, France, and the 
Dutch East Indies. 

While hook worms in sheep were formerly regarded as harmless, 
more recently repeated enzootics have occurred, chiefly in young animals, 
and with a high mortality, in Germany and in France. The sheep 
disease known in Algiers as ‘“‘ Namoussia ”’ is also a form of bunostomosis. 
The disease also affects goats. 

AEtiology. In cattle the causal agent is Bunostomum phlebotomum; in 
sheep, and also goats, B. trigonocephalum, both belonging to the family 
Ancylostomide. : 


Bunostomum phlebotomum. A white filiform worm, pale red in colour. Male 15 to 18 mm., 
female 25 to 28 mm. long. Head hook-shaped and curved dorsally. Mouth capsule well 
developed, with one strong dorsal tooth at its base and two 
pairs of lanceolate ventral teeth. In the female the genital 
opening is in front of the middle of the body; in the male 
~the bursa is well developed and has an asymmetrical dorsal 
lobe (Fig. 76). Ova 80X50 »; found in fresh feces with 2 to 
8 segmentation cells (Fig. 78). Inhabits small intestine in 
cattle. 

B. trigonocephalum (Monodontus trigonocephalus). Male 12 to 17, 
female 19 to26 mm.long. Inhabits small intestine of sheep and 
probably of goat. Closely allied to this form is Gaigeria pachyscelis 
(in sheep and goat). 

The development is the same as in other hook worms 
(vide supra). In our cultural experiments (in which 
cattle feces were mixed with water and animal charcoal 

eo) ie} 

otis SaAnrenion nn eret Foor 28 C.) the embryo escaped from the egg 
or Bunostomum phleboto- membrane in 24 hours, and after another 24 hours 
mum. free larve with an external cuticle were observed. 
D, Dorsal; V, ventral as- According to Stiles, the. larve moult in the presence 

Dog, border ofmouth of sufficient moisture and in 4 to 6 days are in the infec- 

capsule ; b, dorsal coni- : ; a een rs 
eal vtcoth een and od. 1 Ue Stage: Their power of resistance is similar to that 

lateral pair of teeth. of Ancylostoma. 


Infection takes place by ingestion through the medium of food and 
drinking water, from litter, soil contaminated with feces, and especially 
from wet, marshy pastures and those covered with stubble and manured 


* “ Salt-sick ” is now known to be due to cobalt deficiency.—Ep. 
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in the spring. In Europe infection is more frequent during confinement 
in damp houses, or in exercise courts where the litter and dung are 
allowed to accumulate. Predisposing conditions are poor pastures, bad 
weather, early weaning of calves, digestive disorders, and inadequate 
feeding. 

Infection is spread less frequently from an obviously diseased 
animal than from adult worm carriers presenting no outward signs of 
disease. 

Pathogenesis. The larvae, after entering the body of the host 
through the mouth or, according to some authorities, by penetrating 
the skin, finally attach themselves to the mucous membrane of the 
duodenum, less commonly of the jejunum. By sucking the blood and 
by causing continued bleeding from the numerous minute lesions in the 
mucous membrane, and also by the excretion of hemolytic toxins, they 


Fic. 76.— Bunosto- Fic. 77.—Ovum oF 
mum phlebotomum Bunostomum trigono- 
(NATURAL SIZE):  cephalum, 
LerreMaALS£; 

RicHtT, FEMALE. 


Fic, 78.—Ova or Bunostomum phlebo- 
tomum. 


produce. disturbances similar to those caused by Ancylostoma (vide supra). 
They also predispose to secondary bacterial infection. 

Anatomical Changes. Signs of severe anemia are present in all 
the organs (as in fatal hemorrhage); also hydremia, with a gelatinous 
condition of the subcutaneous tissue, intermuscular tissue, mesentery 
and cardiac sulci. The contents of the duodenum and jejunum may be 
obviously mixed with blood, or this may be detected only by chemical 
tests. The intestinal mucous membrane is slightly swollen, has a red 
or grey colour in parts, and shows numerous punctiform banioruheee.. 
The worms can be seen either free in the intestinal contents or firmly 
attached to the mucous membrane (Reisinger counted up to 1,000, and 
Marek 4,219 in two cases). 

Symptoms. In cattle the disease occurs either in the winter or 
spring (in housed animals), or in the late summer and autumn (on pasture). 
It often begins with morbid licking and itching, especially of the hind 
quarters, causing the animal to move to and fro and lick or bite the 
affected part of the body. ‘These symptoms may be due to the irritation 
caused by the possible penetration of the larve through the skin. About 
2 months after invasion (with or without previous symptoms of irrita- 
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tion) more severe symptoms develop in the form of severe anemia, 
defective development, slight emaciation, diminished appetite and 
‘sometimes colic. Diarrhoea may occur with or without colic, and may 
alternate with constipation and moderate flatulence. Cidema of the 
throat, extremities and body. cavities is a comparatively early symptom, 
and is accompanied by pronounced exhaustion. Death eventually 
takes place from cachexia. 

The course and duration of the disease vary according to the degree 
of infestation and the age of the animal. Kohn observed fatal anemia 
in a draught ox. Apart from worm carriers with only few worms in 
their intestines and no symptoms of disease, the duration may vary from 
1 to 2 weeks to several months. Sometimes mild cases are observed and 
even spontaneous cures, but these remain as worm carriers (especially 
adolescent and adult animals). 

In sheep the symptoms vary according to the age of the animal. In 
adults, progressive anemia occurs, together with indefinite and unim- 
portant digestive symptoms; while young animals, in addition to anemia 
and: the other symptoms of bunostomosis of cattle, manifest nervous 
disorders, such as weakness of the hind quarters and progressive paresis 
and stupor, ending fatally in about 10 days. 

Diagnosis. This depends on the microscopic identification of the 
infective larve from fecal cultures, or on the discovery of the worms in 
the duodenum on post-mortem examination of animals which have died 
or been killed. A provisional diagnosis may be made in the presence 
of the above-mentioned symptoms in young animals when other causes 
can be excluded. 

Paratuberculous enteritis is distinguished by the usual occurrence of 
persistent watery diarrhoea, the presence of acid-fast bacilli in scrapings 
from the epithelial layer of the anterior portion of the rectum, and the 
absence of Bunostomum ova. 

Treatment. In the author’s experience, and in that of Szigetvary, 
the most reliable results have been obtained with danistol, when ad- 
ministered at least twice or, better, 3 or 4 times at intervals of 12 to 24 
hours. (For doses and administration see p. 419.) Carbon tetrachloride | 
and tetrachlorethylene (p. 269) are to some extent contra-indicated in | 
cattle owing to their frequently fatal toxic effect (occasionally this also 
has occurred in sheep). Duschanek obtained favourable results with 
kamala and aloes (of each 5 grammes daily till the onset of diarrhoea). 
Gattinger uses kamala alone (15 grammes once a week); Reisinger recom- 
-mends repeated doses of oleum terebinthine. Bedel uses this with the 
addition of 10 to 20 drops of creosote and followed by linseed decoction. 
According to Hall, copper sulphate and tobacco in repeated doses 1S 
effective (p. 268). See also phenothiazine (p. 267). 

Prophylaxis. This consists in maintaining the houses in a dry and! 
hygienic condition, daily removal of manure and avoidance of the ac-- 


STRONGYEIDOSIS — * 800 


cumulation of litter, provision of exercise courts, provision of pure drink- 
ing water (preferably running or well water), burning or burial of the 
faeces of diseased animals and worm carriers, or mixing them with slaked 
lime if they cannot otherwise be safely disposed of. In the case of in- 
fested pastures a change of pasture is indicated (the pasture can be used 


by horses). 


Hook-worm Infestation in Other Animals. In swine, Necator suillus is 
common in Trinidad, a form regarded as identical with WN. americanus, which is 
parasitic in man. It is 5:25 to 12-5 mm. long (ova 56 to 66X35 to 40 uw), and 
inhabits the jejunum and ileum, in which it causes small hemorrhagic ulcera- 
tions. Globocephalus longemucronatus (Characostomum longemucronatum) also occurs 
in pigs in Europe, Africa, America and Asia. Both these worms give rise to 
digestive disorders and emaciation. 

In elephants in India hook-worm infestation often occurs in association with 
ascaridosis after invasion by Bathmostomum sangeri (Dochmius sangert) and 1s some- 
times fatal. The first symptom is “‘ earth hunger,” causing the animals to 
ingest large quantities of mud, which causes severe diarrhoea. ‘This is followed 
by anzmia, emaciation, debility, oedema, a characteristic mournful aspect, 
and in advanced cases loss of appetite, staggering gait, acceleration of pulse and 
rise of temperature. Death occurs from exhaustion. 

A recommended treatment consists in a mixture of santonin, calomel (of 
each 7:5 grammes) and areca nut (31 grammes), repeated in 5 days. This is 
administered 4 hours after the animal has been given 2,500 grammes of mag- 
nesium sulphate in the evening and tied up overnight. ‘The next morning another 
dose of magnesium sulphate is given, followed by a generous diet. Prophylaxis 
consists in the avoidance of damp houses, wet pastures, isolation of diseased 
animals, and maintenance of a supply of pure well or running water. 


(q) Palisade Worms in the Intestine of the Horse 
(Strongylidosis Intestinalis Equorum) 


(Strongylosis or Sclerostomosis) 


In the horse and in all single-hoofed animals mature worms belonging 
to the family Strongylide inhabit the caecum and colon, in which they are 
attached to the mucous membrane. In the larval stage some species 
wander in certain organs of the body before returning to the lumen of 
the intestine; others remain for a time encapsuled in the wall of the 
intestine, giving rise to digestive and nutritional disturbances, anaemia 
and certain organic disorders. 

Occurrence. One or more forms of strongyles are found in the intes- 
tine in practically every horse. In Wetzel’s investigations not one of sixty- 
three horses examined was free from them, and in the author’s observa- 
tions the ova of strongyles were found in the feeces of all horses examined. 


In contrast to their frequency, they relatively rarely give rise to marked 
ie 
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disturbance of health, and then usually only in animals up to the age of 
3 years. Such infection may occasionally cause considerable economic 
loss. . 


Atiology. Palisade worms, or intestinal strongyles of horses, are often 
red-coloured round worms with a blunt anterior end which is either straight or 
slightly curved ventrally, a strong chitinous mouth capsule provided with a 
circle of fringes resembling a palisade. They belong to the genera Strongylus, 
(Esophagodontus, Triodontophorus, Trichonema, Poteriostomum, Craterostomum and 
Gyalocephalus. 


Strongylus equinus (Sclerostomum equinum, S. quadridentatum). ‘The largest species of the 
genus. Male 30 to 35 mm., female up to 46 mm. long. Mouth capsule almost always longi- 
tudinally ellipsoidal, with four long, narrow teeth, two of which are ventral. Ova 65 to 80 x 45 
to 50 p. Larve 0-56 to 0-86 mm. long, 0-022 mm. wide, with a tapering tail end half the length 
of the body. Intestine indistinct. Genital aperture of female behind the centre of the body. 
This form is comparatively rare, and was found by Kotlan in Hungary in only 3°3 per cent. of 
horses examined, by Martin in Germany in 12-6 per cent., and by Wetzel in 38 per cent. 

Strongylus vulgaris (Sclerostomum vulgare, S. bidentatum). The smallest member of the 
genus. Mouth capsule cup-shaped, with two teeth projecting as ear-shaped processes from 
its base. Male 15 to 17 mm. long, about 0-7 mm. wide, the median lobe of the bursa larger 
than in the preceding form. Female 23 to 24 mm. 
long, 1 mm. wide; vulva 8 mm. in front of the tail 
end. Ova 70 to 88x 43 to 52 uw, somewhat larger and 
rounder than in the previousform. The larvais about 
o-7 mm. long, with a rounded anterior end and a 
tapering posterior end as in S. equinus, but no distinct 
transition between tail and body. Intestine clearly 
visible in two-thirds of body. Genital rudiment in 
last third of body at the level of the eighteenth intes- 
tinal cell. This form is very common (according to 
Kotlan it is found in 83 to 85 percent. of horses). ‘The 
Fic. 79.—Ova. or INTESTINAL _ larve give rise to the so-called worm aneurysms. 

STRONGYLES IN THE Horsk. Strongylus edentatus (Sclerostomum edentatum). Head 
globular and wider than the body. Mouth capsule 
cup-shaped, but without teeth. Male 23 to 25 mm. 
long, 1-5 mm. wide, with a bursa similar to that of 
S. equinus. Female 33 to 36 mm. long, about 2 mm. 
wide; vulva 9 to 10 mm. in front of the tail end. Ova (Fig. 79 [2]) 65 to 88 x 45 to 50 m. 
Larva 0:55 to 0-88 mm. long; body nearly a third longer than the tapering tail. Intestinal cells 
indistinct. Occurs in cecum and colon, sometimes isolated, sometimes in a large number 
(according to Kotlan in 70 per cent. of horses in Hungary, and according to Martin in 42:2 
per cent. in Germany). 

Trichonema tetracanthum (Strongylus tetracanthus, Cylicostomum tetracanthum). A white or 
reddish worm with a cylindrical mouth capsule having a circular constriction in the middle 
and a projecting border. Male 8 to 17 mm. long, with a long bursa. Female 10 to 24 mm. 
long; vulva directly in front of the anus. Ova go to 110 40 to 50 pw. Larva 0-46 to 0-88 mm. 
long, 0-025 mm. wide; caudal portion distinct and almost as long as the body, which is pointed 
at its anterior end. Intestine clearly visible, with 8 to 9 cells arranged alternately. Genital 
rudiment in the centre of the body. Inhabits colon of horse (Fiebiger found it in 25 per cent.). 

There are thirty-five different species of Trichonema which, with or without T. tetracanthum, 
are usually present in the majority of animals. Kotlan, in Hungary, found them in practically 
all horses examined. 

Poteriostomum imparidentatum. A comparatively large reddish worm. Male 10 to 12 mm., 
female 12 to 20 mm. long, with pointed posterior extremity. Found in cecum and colon of 
horse, ass, mule and zebra. Rare, as also is P. rdtzit. 

Triodontophorus serratus. Resembles S$. vulgaris. Male 12 to 20 mm., female 15 to 26 mm. 
long. Ova elongated oval 68 to 80x38 to 42 p. Like many other forms, found frequently in 
colon and cecum (Wetzel in 14:2 per cent., Kotlan in 30 per cent. of cases). 

Gyalocephalus capitatus. A slender worm with a somewhat thick-walled mouth capsule. 
Male 8-5 to 10 mm., female 10 to 11 mm. long. Ova elongated oval, 110 to 11548 to 52 p. 
Found occasionally in ventral colon and cecum. 

Craterostomum mucronatum (Cylicostomum mucronatum). A rather slender worm 7:5 to 8-5 mm, 
long. Very rare, and found only in isolated cases. 

(Ksophagodontus robustus. In the cesophageal funnel there are three small teeth which do not 
project into the mouth capsule. 


1, Str. vulgaris ; 2, Str. edentatus; 3, Tri- 
chonema nassatwn. 
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Development of Intestinal Strong yles in Horse. ‘The ova when discharged with the 
feces have usually 8 to 16 or more segmentation cells, seldom less than 8. 
Under favourable conditions of moisture and temperature (26° C.) in feces or 
litter they develop in 24 hours and rhabditiform embryos are hatched. After 
growing and moulting these develop into resistant, ensheathed infective larve 
in about 6 days. 

The farther development in the host, in spite of many investigations, is not 
yet fully understood, and in some species is entirely unknown. In the species 
Potervostomum, Triodontophorus, Gyalocephalus, Craterostomum and Ci&sophagodontus 
direct development in the intestine 1s probable, during which the ingested larve 
adhere to the intestinal wall and after two moults attain sexual maturity. ‘The 
absence of undeveloped young forms in the intestinal wall or in other organs 
supports this view. | 

On the other hand, the development of the species of Strongylus and Tricho- 
nema appears to be indirect through migration of the larve in the intestinal 
wall and often also in other organs of the host. "The larvee of Trichonema do not 
penetrate beyond the mucous membrane of the intestine, where they develop 
and form nodular pseudo-cysts, from which they emerge later, and they 
develop to sexual maturity in the intestinal lumen. 

In the developmental cycle of Strongylus, on the other hand, migration of 
the larvee in the body of the host takes place. In the case of S. vulgaris this occurs 
through the circulatory system, with temporary delays in the bloodvessels. 
The larve penetrate the intestinal mucous membrane and make their way 
by the portal circulation to the liver, where some of them remain, while others, 
via the portal vein and also the lymphatic vessels, reach the right side of the 
heart and are thus conveyed to the lungs. They are then carried by the pulmon- 
ary veins into the greater circulation and finally reach the mesenteric arteries. 
According to some observers, after penetrating the intestinal mucous membrane 
they migrate to the root of the mesentery and penetrate the arterial wall. 
According to Hobmaier, they enter the tributaries of the mesenteric veins in 
the intestinal wall and are arrested by the valves of the larger veins, from 
which they bore their way into the vasa vasorum of the arteries. While 
many observers maintain that lodgment of the larve in the bloodvessels forms 
part of the developmental cycle of the species, others are of opinion that 
the development of the larve in the host occurs during direct encapsulation 
in the wall of the intestine, and that those which enter the bloodvessels are 
stray specimens. Henry and Olt maintain that there is a previous migration 
through the lungs similar to that which takes place in hook worms (p. 315), 
in which the larve, after penetrating the capillary walls in the alveoli and air 
passages, reach the pharynx, where they are eventually swallowed and become 
encapsuled under the mucous membrane of the intestine. As regards the 
retrograde migration of the larve lodged in the bloodvessels into the intestine, 
it is assumed that this takes place by a purely passive movement through the 
blood stream in the arterioles of the intestinal wall, in which they are arrested 
for a time and give rise to the formation of worm nodules, and eventually reach 
the intestinal lumen in a sexually mature form. 

As regards the development of the larve of S. equinus, the only evidence 
available is from the experimental introduction of the larve into the stomach 
of an ass by Thwaite. In this case worm nodules were formed chiefly in the 
cecum, and to a lesser extent in the rest of the intestine as far as the rectum, 

and in the fourth developmental stage the larve were found in the liver, 
_ peritoneal tissue and pancreas. It appears that the development is similar 
to that of S. vulgaris. | 

In S. edentatus the larve develop principally in the subserosa of the peri- 
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toneum (chiefly under the parietal layer), which they probably reach directly 
by the blood stream. After 3 months they migrate independently to the 
intestine, penetrate the anterior root of the mesentery, pass along the fatty 
tissue between the layers of the peritoneum surrounding the bloodvessels, 
and finally penetrate the intestinal wall, in which they form worm nodules and 
reach the intestinal lumen, where they become sexually mature. 


Resistance of Strongyle Larve. Ensheathed larve in the open air can resist adverse conditions 
for 2 years. ‘They can withstand temperatures as low as —25° C., and also strong sunlight, 
and desiccation for at least 2 years, and remain alive in water for 6 to 8 months. Of 
chemical substances, I per cent. quicklime and calcium nitrate destroy their motility in 24 
hours, copper sulphate (1 per cent.) in 18 hours, basic slag and superphosphate in 3 days, 
kainit in 4. days, solid quicklime in 3 hours. ‘They are unaffected by peat or sawdust, and 
litter consisting of these materials even favours their development. 


Infection takes place through drinking water contaminated with horse 
feeces; also from green and dry fodder containing infective larve (hay 
may harbour infection for 2 years), or from contaminated litter. In- 
fection may also occur from licking the walls of stalls, etc., contaminated 
with feces. Consequently infection and outbreaks of disease depend on 
the conditions of stabling and feeding, and in grazing animals on the 
weather and the nature of the soil and pasture. Especially dangerous 
are wet pastures, marsh land and flooded areas, all pastures during wet 
weather, and those which have been ploughed up and manured with 
horse dung. As nearly every horse is a carrier of one or other species 
of worm the infectivity of the pasture increases year by year, with further 
sudden increase in rainy years, and also after a single fall of rain, in 
dewy and misty weather, also during the night and early morning hours, 
as under these conditions the larve crawl up the grass blades and are 
thus easily ingested by grazing animals. The danger of infection from 
pastures is also increased by the presence of stagnant water in pools and 
puddles, etc. 

Pathogenesis. Adult members of Strongylus and Trichonema attach 
themselves by their powerful mouth capsules to the intestinal mucous 
membrane, draw part of it plug-wise into the capsule, and lacerate it 
so as to suck nourishment from the tissue fluids and blood from the opened 
capillaries. As they are continually changing their points of attachment 
they cause numerous minute lesions of the mucous membrane, which 
in massive invasion give rise to intestinal disturbances, but more fre- 
quently to ulceration of the mucous membrane from secondary bacterial 
infection, which may also cause enteritis. In addition to these effects, 
the numerous punctures of the mucous membrane caused by the worms 
give rise to repeated hemorrhage. ‘The larve of Strongylus and Trichonema 
exert a still more dangerous action by their formation of numerous worm 
nodules in or beneath the mucous membrane, each of which constitutes 
a focus of inflammation, which as the result of secondary bacterial in- 
fection may lead to ulceration and enteritis. ‘The bacterial and inflam- 
matory products absorbed from the affected parts of the intestinal wall, 


STRONGYLIDOSIS 327 


especially the toxin secreted by the larve themselves, cause nutritional 
disturbances with diminution of the blood corpuscles. Of special im- 
portance is the damage to the tissues caused by the larve during 
their migrations, including arteritis and thrombosis, especially in the 
mesenteric arteries, and more rarely in other bloodvessels. The larve 
carried in the blood stream may also give rise to pathological changes 
in other organs. 

Anatomical Changes. The sexually mature worms are found in 
the cecum and colon in numbers varying from a few specimens to 
hundreds or thousands. ‘Thus, Ludewig counted about eighty Strongylus 
vulgaris and 800 to 1,000 Trichonema tetracanthum in the end of the 
cecum (15 cm. long) of a horse, and Eber found the last-named 
worm present in thousands. SS. equinus, S. vulgaris, S. edentatus and Trio- 
dontophorus in still warm carcasses are found firmly adherent to the 
mucous membrane, where there are small nodules of proliferated con- 
nective tissue to be seen. The smaller trichonemas are found as 
white or red, actively motile worms in great numbers in the intestinal 
contents, together with particles of hay or straw, from which they can 
only be distinguished by diluting the contents in a glass vessel. The 
worm nodules formed in the submucosa by embedded larve (Sclerostomosis 
s. Strong ylosts nodularis intestint) are found chiefly in the cecum, especially 
in its terminal portion, less often in the colon, and occasionally in the 
terminal part of the ileum or the proximal part of the small colon; they 
may be isolated or closely agglomerated. In Ludewig’s cases three to four 
nodules were present in the apex of the cecum, and in the cases of 
Eichhorn and Hobmaier over twenty nodules to 1 square centimetre. In 
some species the worm nodules may resemble intestinal follicles in 
appearance, or may be the size of a millet seed, grey or reddish in colour, 
with a microscopic linear opening and containing a coiled-up reddish 
larva. In others the worm nodules may vary from a pin’s head to a 
walnut in size, and the larger ones may have indurated walls and reddish- 
yellow, purulent or hemorrhagic contents, a hardly visible opening, but 
still containing the larva. Sometimes the nodules contain no larve, in 
which case crateriform openings or ulcerations will be found leading to 
the intestine; these are later replaced by greyish-white cicatrices (which 
may be mistaken for glanders). In Triodontophorus, ulcers almost 
perforating the cecum and resembling those of swine fever are found. 
Some of these nodules become calcified later. After severe invasion, 
especially with Trzchonema, more or less severe, macular or diffuse 
inflammation of the cecum and colon may occur; with semi-liquid 
sanguinolent intestinal contents resembling dilute blackish blood. The 
very frequent worm aneurysms, especially in the mesenteric arteries, 
may give rise to rupture of the artery with hemorrhage into the 
abdominal cavity. (Proscholdt found this in seventeen of twenty- 
five colts examined.) In fresh cases traumatic inflammation of the 
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liver due to worm larve is found in some instances. Occasionally there 
is enlargement with foci of suppuration in the mesenteric lymphatic 
glands. 

In cases of acute strongylosis from larve of S. edentatus, serous or 
fibrinous exudation is found in the abdominal cavity, serous infiltration 
of the subperitoneal fatty tissue, punctiform or more extensive hemorrhagic 
foci, especially under the parietal layer of the peritoneum, the mesentery 
‘and intestinal serosa, and sometimes under the fatty capsule of the kidneys. 
Each of the hemorrhagic foci contains a worm, which when situated near 
the surface appears in the form of a varicose vein. Occasionally fatal 
peritonitis occurs after rupture of a worm nodule, or infarction of the 
kidney with hemorrhage in the renal capsule, or infarction of the spleen * 
with rupture. ‘The intestinal mucous membrane is sparsely or diffusely 
studded with blood points in addition to worm nodules. In severe cases 
there are post-mortem findings of anemia, dropsy, emaciation and 
cachexia. . 

Symptoms. Except in mass infestations symptoms are of relatively 
rare occurrence; they are usually associated with certain conditions of 
management. ‘The occurrence of infection depends on the opportunity 
for the ingestion of worm larve while at pasture, and also on the season, 
whether autumn or winter. Apart from isolated cases in adult animals, 
severe infestation occurs principally in foals and young colts, and in three 
different forms. 

In the most common slowly developing strongylosis there are first of all 
mild cases with few symptoms except diminution in vitality and lassitude, 
while the state of nutrition is little affected. These cases often recover, 
but they may pass on to the severe form (which, however, may be present 
from the first) in which debility and fatigue are increased, the hair 
becomes rough and. lustreless, diarrhoea develops with semifluid or 
watery evacuations often containing worms, and anemia manifests itself 
by the paleness of the mucous membranes. Although the appetite 
remains good for some time, emaciation soon becomes evident, and is 
accompanied by general weakness and staggering gait, with occasional 
rises of temperature. Eventually dropsy develops in the extremities and 
lower abdomen and the head. Occasionally there are symptoms of colic, 
which usually indicate impending death. The duration of this form 
may extend to months or even years, when it assumes a chronic condition. 
On the other hand, death may occur suddenly while the animal is still 
well nourished and has been sick only for a short time, usually from 
rupture of an affected mesenteric artery. Julienne and Marcenac 
reported a mortality in colts of 60 per cent., and Marotel 60 to 80 per 
cent. 

Acute strongylosis occurs almost exclusively in young colts as the result 
of the migration of the larve of S. edentatus, and manifests itself in acute 
peritonitis. ‘lhe temperature rises rapidly to 40° to 41-9° (sometimes 


STRONGYLIDOSIS 329 


only 38-5° to 39:6°), the pulse is weak or imperceptible with a rate of 
98 to 100, respiration is accelerated and accompanied by groaning. 
Other symptoms are great depression, loss of appetite, and a yellow or 
reddish-brown coloration of the conjunctiva. Sometimes there 1s colic, 
and occasionally urinary tenesmus and a reddish discoloration of the urine. 
In Finzi’s cases there were toxic nervous symptoms (staggering and reel- 
ing). As the symptoms become aggravated severe anemia and cachexia 
set in, and death usually occurs in a few days or weeks. ‘The mortality 
may We 50 to 70 per cent. (Local hemorrhages containing strongyle 
larve are often found in apparently healthy horses after slaughter.) 

Enteric strongylosis occurs especially in invasions by Trichonema, either 
in the sexually mature form in the intestinal lumen, or in the larval 
form under the mucous membrane. In this form the predominant 
symptoms are those of enteritis or chronic intestinal catarrh, together 
with nutritional disturbances, and later on anemia. 

Diagnosis. In view of the frequent occurrence of strongyles in the 
intestine of healthy single-hoofed animals and the absence of any charac- 
teristic symptoms of infection, the naked-eye demonstration of mature 
_ palisade worms and the microscopic detection of their ova in the feces, 
which may be positive 6 to 7 weeks after invasion (de Blieck and Baudet), 
and also a positive result from fecal cultures (p. 254), are insufficient 
for a diagnosis of strongylosis. ‘There must also be considered the 
accessory circumstances, such as the occurrence of illness in young colts 
on suspected pastures, feeding with suspected fodder, unhygienic con- 
ditions of stabling; also the occurrence of many cases of illness without 
other apparent causes, the presence of numerous ova in the feces, and 
definite signs of worm invasion in animals which have died. On the 
other hand, neither the evacuation of worms nor the presence of strongyle 
ova in the feces can be regarded as definite diagnostic signs. Still less 
can it be determined from the presence or the number of ova in the feces 
whether the symptoms are due chiefly or exclusively to migrating or en- 
capsuled larve. The examination of worm ova does not furnish a reliable 
basis for the identification of the species of worm concerned in the in- 
fection, because the size and form of the different strongyle ova vary 
within wide limits. In this respect culture methods are preferable 
(p. 254), with determination of the morphological characters of the 
infective larve (p. 324). . 

In the differential diagnosis during life infectious anemia may present 
much difficulty (see Vol. III.). Gastrophilosis can often be excluded 
by the presence*of very numerous strongyle ova, but in many cases the 
diagnosis is only decided on post-mortem examination. Round-worm 
infestation (ascaridosis) is distinguished by the occasional discharge of 
mature ascarids and by the microscopic characters of their ova. 

Treatment. Hall and Wigdor advise the administration of oleum 
chenopodii (16 to’ 20 c.c. for a total body weight of 455 kg. or 4 c.c. per 
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110 kg.), immediately preceded or followed by 1 litre of linseed oil or an 
aloes bolus, and administered after 36 hours’ fasting. The linseed oil 
may be replaced by a mixture of castor oil and liquid paraffin (for weaned 
foals go to 100 grammes of castor oil to 0-5 litre of liquid paraffin, for 
yearlings and 2-year-olds 180 to 240 grammes to 0°5 litre, for 3-year-olds 
and adult animals 240 to 300 grammes to 0-75 litre). In pregnant 
mares tetrachloride of carbon may be given (Marotel gives 20 to 50 c.c. 
in 200 c.c. of a mixture of castor oil and liquid paraffin), but should be 
repeated in 4 to 6 weeks, as the worms are not always expelled by the 
first dose (de Bleck va Baudet claim 100 per cent. successful results 
by this method). Richters found the intravenous injection of tartar 
emetic effective. In 2-year-olds and older horses 1:0 gramme is given 
on the first day, in colts over 6 months 0-5 gramme (dissolved in 100 to 
150 c.c. of warm water and administered intravenously). On the follow- 
ing day 4 to 5 grammes of the solution is given by mouth. This treat- 
ment is repeated three times at intervals of a week, the animals resting 
on the days of treatment. Middeldorf claims good results from a com- 
bination of tartar emetic and tetrasol (capsules containing 50 per cent. 
carbon tetrachloride with thymol and turpentine), in which 0-5 to 
0-75 gramme of tartar emetic is given to $ to 14-year-old colts, 0-75 
to 1:0 gramme to older animals, administered intravenously in 100 to 
150 c.c. of distilled water every fifth or sixth day for 3 or 4 injections, 
and on the following day the oral administration of 2 to 3 tetrasol 
capsules daily for 6-months-old foals. 3 to 4 for 1 to 14-year-old colts, 
and 4 to 5 for older horses, the treatment being commenced after 
12 hours’ abstinence from food and water. 

_ Phenothiazine is now being largely employed in the treatment of 
strongylidosis in the horse. ‘The drug may be administered mixed with 
the food (dose 30 to 45 grammes); no purgative is required. The 
toxicity of the drug for the horse is relatively low, but upon occasion 
a number of horses in the same stud may show toxic symptoms without 
apparent cause. The administration of phenothiazine is associated 
with a reddish discoloration of the urine, but this is without signifi- 
cance. 

For some days following treatment the horses should be confined to 
loose-boxes or stalls and their feces collected and destroyed. 

Larve whether migrating in the blood or encapsuled do not appear 
to be influenced by anthelmintics. Consequently efforts should be 
directed to raising the plane of nutrition by general feeding and attention 
to general comfort. 

In order to destroy those worms which have invaded the bowel from 
the body tissues anthelmintic treatment should be repeated at intervals 
of 1 to 2 months. 

Prophylaxis. In stabled horses the following precautions should 
be observed: Frequent removal of faeces, which should be closely packed 
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in heaps. By this means a temperature of 60° to 70° C. is engendered 
in the pack with consequent destruction of eggs and larve; the mainte- 
nance of the stable in a clean, dry condition; scrupulous cleanliness in 
respect of food and drinking water; avoidance of feeding grass cut from 
infested pastures; the provision of mineral salt licks; this to a considerable 
extent prevents pica so commonly manifested in horses by a desire to eat 
contaminated litter. 

Pasture Hygiene. According to Monnig, if an infested pasture is 
cleared of horses strongylid larvae may, under ideal environmental con- 
ditions, remain viable for about 12 months. During periods of hot, dry 
weather the protective sheath is lost and the larve are then much less 
resistant, and under average environmental conditions it may be pre- 
sumed that the great majority of the larve will have died out after a 
period of about 3 months. On infested pastures horse faeces should, if 
practicable, be removed and disinfested by packing them closely or by 
mixing them with quicklime; the pastures should, if necessary, be drained 
and wet hollows filled up; rank growth of herbage should be prevented 
and, if necessary, removed; the top-dressing of pastures with infested 
horse dung should be avoided; pasturing should be postponed till the 
morning dew has disappeared; colts should be removed from infested 
pastures, which should be grazed by cattle and sheep for a continuous 
period of 3 or 4 months before being restocked with horses. The 
importance of “‘ mixed grazing” with horses, cattle and sheep in main- 
taining pasture hygiene is not sufficiently appreciated. Colts may with 
advantage receive anthelmintic treatment (phenothiazine) about a week 
before they are introduced to a clean pasture. 


Intestinal Strongyles in Other Animals. In sheep, Chabertia ovina 
(Sclerostomum hypostomum) inhabits the large intestine, apparently without 
exerting any pathological action. It also occurs in goats and deer. ‘The 
symptoms alleged to be caused by this worm (diarrhoea, entorrhagia, anemia 
and emaciation) in young animals are attributed by Jerke to invasion by 
Bunostomum. According to Wetzel’s observations, and also to the experimental 
infections of Ross and Kauzal, however, the worm, principally in its larval 
stage, causes small erosions of the mucous membrane in the same way as 
does Strongylus in the horse, and in severe invasions clinically similar intestinal 
symptoms—namely, muco-hemorrhagic diarrhcea. The mature worm is 
13 to 20 mm. long and the segmented ova are 90 to 100 X50 wu in size. 

In the dromedary, according to Croveri, Anthostrongylus somalilensis, belong- 
ing to the family Strongylide, causes an unusually severe invasion, with a 
mortality of 100 per cent. ‘The worm is found in large numbers in company 
with Trichostrongylus probolurus in the duodenum and jejunum. Partly through 
the excretion of toxins the worms cause loss of appetite, emaciation and cachexia. 
At the onset of invasion attempts may be made to expel the worms by means 
of anthelmintics. Prophylaxis consists in the removal of worm carriers, pro- 
vision of pure drinking water, and early treatment. 
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(r) Nodular Intestinal Worm Infestation (Hsophagostomosis 
Intestinalis) 


(Maladie nodulaire, Helminthiase nodulaire ou larvaire, Folliculite caseuse, Dochmiase 
larvaire [French]) 


Etiology. Representatives of the genus Msophagostomum of the 
family Strongylide most often invade cattle, sheep, goats, and swine. 
They are found in all parts of the world, but are more common in Europe, 
America, and South Africa, where cesophagostomosis is sometimes 
sporadic, but often enzootic. Occasionally Gsophagostomum is found in 
deer, apes and man. 


(Esophagostomum radiatum. A white worm with a circular mouth capsule, a cuticular swelling 
at the interior end, and two wide, lateral ale behind it. Male 14 to 15 mm. long, with a trilo- 
bate bursa; female 15 to 20 mm. long, vulva near anus and surrounded by a circular swelling. 
Ova 70 to 76 w long. Inhabits terminal portion of small intestine and colon of cattle. 

CE. venulosum. Similar to the above (Fig. 80); occurs in Europe in sheep and goats. 

CE. columbianum. Cephalic vesicle only slightly inflated; 12 to 18 mm. long. Occurs in 
sheep and goats in Africa, America and Australia, but not in Britain. 

Ce. dentatum (Fig. 81). Male 8 to 12 mm., female 12 to 15 mm. long. Cuticular swelling 
prominent and lateral ale practically absent. Ova rather smaller than those of C. radiatum. 
Found in swine. 

In apes @. apiostomum is found and may prove fatal (Stockmager, Finkeldeg). 


Fic. 80.—OvuM oF Gsophagostomum venulosum. Fic. 81.—Ovum or Csophagostomum dentatum. 


Development of Cesophagostomum. Under favourable conditions of tempera- 
ture and humidity the ova hatch in 24 hours, and the embryos, after two 
moults, develop into ensheathed larvae, in which state, under ideal environ- 
mental conditions, they retain their vitality for about a year. After ingestion 
by the host the larvae penetrate into the intestinal wall and undergo further 
development. In the course of 3 or 4 months, or even 1 or 2 months, their 
irritant action gives rise to the formation of worm nodules in the submucosa; 
2 or 3 months after invasion (Veglia, David), or not till 8 tog months (Marotel), 
they enter the intestinal lumen, where they reach sexual maturity. A few 
nodules containing larve may be found in the intestinal wall as late as 7 months 
after invasion; Finkeldey suggests that in such cases the larve reach the in- 
testinal wall through the blood stream after previous migration through the 
lung. ‘The mature worms in the intestine may retain their vitality for 20 to 
21 months, and occasionally longer. 

Invasion takes place from wet, ill-drained pastures, and throughout the year 
during house feeding under conditions similar to those that obtain in intestinal 
strongylosis of horses (vide supra). 


Pathogenesis. (sophagostomes are common inhabitants of the 
intestine in cattle, sheep and goats, but it is only in cases of massive 
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invasion that damage is done; the larve settle in the intestinal wall 
and by their mechanical and chemical irritation of the tissues, cause 
the formation of worm nodules and also set up inflammation of the 
mucous membrane (manifested by a rise of temperature). Penetration 
of the larve from the intestinal wall into the abdominal cavity may give 
rise to peritonitis and septic infection, and under such conditions irregular 
peristaltic movements may occasion intestinal invagination... During the 
migration of the larve the open worm nodules often undergo necrotic 
changes (in apes, Stockmayer observed even perforation of the intestine) 
which may lead to pyogenic invasion. Both larve and mature worms 
may impair the general health of the host by toxic substances, secreted in 
their cephalic glands. They do not attach themselves to the mucous 
membrane, but le on its surface and obtain nourishment from the 
inflammatory exudation. 

Anatomical Changes. In cattle, chiefly in the small intestine and 
cecum, and in other species of animals in the colon, are found round- 
worm nodules resembling tubercles. ‘These may be few in number, but 
are often present in hundreds or thousands (Drechsler counted 430 speci- 
mens in one case, and Marotel in another case estimated the number 
as about 4,000 in the small intestine and 1,000 in the cecum). The 
nodules vary from a pin’s head to a pea or hazel-nut in size, and in 
colour from black to grey. The intestinal mucosa is raised by the nodules, 
and may become ulcerated. In acute cases it is more or less diffusely 
reddened and even necrotic. In each of the younger nodules is found 
_a larva 3 to 7 mm. long, in older nodules a caseous plug or calcified 
masses. In some cases larve are present in the enlarged mesenteric 
lymphatic glands (Grimaldi found them in 15 to 70 per cent. of cases). 
In recent cases of infestation by @. columbianum (“ pimply gut’”’) fibrinous or 
purulent peritonitis may be present or intestinal invagination (in sheep) 
In the terminal portion of the small intestine and in the colon sexually 
mature worms are found. 


The changes in the intestinal wall resemble those of Linguatulosis nodularis in invasions by 
linguatulid larve, especially in the terminal part of the small intestine and the cecum, in which 
the mesenteric :glands, liver and lung are involved (observed enzootically in Morocco 
by Velu). In the submucosa and muscular layer of the intestine are found flat hemorrhagic 
nodules, from a pin’s head to a pea in size, each containing a larva 4 to 5 mm. long; also 
abscesses, some of which open into the lumen. 

Symptoms. In severe invasions the disease may manifest itself in 
three forms. In the mild form, or invasion of medium severity, and in 
older animals, the symptoms are slight and may be unnoticed, but in 
these cases the animals may nevertheless continue to be worm carriers. 

The second form is an acute inflammation of the colon occurring in ~ 
young lambs, when the larve are migrating into the intestinal wall. It 
is manifested by fever lasting several days, and 5 to 7 days after infection 
by diarrhoea, frequent micturition, increased thirst and grinding of the 
teeth, and in some animals by arching of the back, stretching of the hind 
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quarters backwards and the fore quarters forwards (as the result of 
intestinal invagination). After the tenth day the feces are mixed with 
blood, and about the end of the second week the animal dies, or death 
occurs later, after the evacuation of dry, tar-coloured feces alternating 
with diarrhoea. 

In the chronic toxic form, which occurs under natural conditions and 
affects yearlings and older animals as well as cattle (in which it is also 
known as “ entéqué’’), during the first week or two after invasion the 
symptoms are at first indefinite and the appetite remains good. Diarrhoea 
may occur, alternating with constipation; also weakness with frequent 
recumbency, stiffness of gait, progressive emaciation and occasionally 
flatulence. Later symptoms are shedding of hair, anemia with paleness 
of the conjunctiva, and finally paresis of the hind quarters resembling 
‘cross paralysis’? in sheep. After a duration of 3 to 4 months death 
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Fic. 82.—Worm NOopDULEs CONTAINING Csophagostomum LARVA IN THE SMALL. INTESTINE 
OF A BULL. 


takes place in cachexia and coma, or sudden death may occur earlier. 
The mortality is from 20 to 50 per cent. 

Diagnosis. The appearance of the above symptoms in animals 
grazing on ill-drained pastures suggests the presence of cesophagostomosis, 
but a definite diagnosis can be made only by the microscopic identifica- 
tion of the infective larve from fecal cultures, or by post-mortem 
examination. The presence of only a few ova in the feces is of no 
significance; they are often absent in the acute traumatic septic form, 
and do not appear in the feces till 2 or 3 months after invasion (Seddon 
and McGrath found CMsophagostomum ova in sheep after 35 days). 
From bunostomosis the affection is distinguished by the presence of ova 
with numerous segmentation cells in recently evacuated feces, and also 
by the fact that in cesophagostomosis symptoms of catarrh of the colon 
(diarrhoea) predominate. In gastro-intestinal strongylosis the ova are 
distinguished by the smaller number of segmentation cells, although 
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these may exceed sixteen. In cases of linguatulosis nodularis,; which in 
severe Invasions runs a course similar to that of the chronic toxic form 
of cesophagostomosis, no ova are found in the feces. Enteritis para- 
tuberculosa is distinguished chiefly by the presence of the causal micro- 
organism in the feces or in scrapings from the intestinal mucosa, and 
also by a positive reaction to paratuberculin. 

Treatment. The usual vermifuges are powerless against (so- 
phagostomum \arve. However, Hall claims good results from carbon 
tetrachloride administered in the same way as in gastro-intestinal strongy- 
losis and bunostomosis. According to Veglia, free larve and mature 
worms can be expelled from the intestine by drastic purgatives such as 
a mixture of oleum crotonis and oleum ricini (1:17 c.c. for a sheep) 
or 1 to 2 c.c. of croton oil with the corresponding dose of South African 
mixture (copper sulphite and sodium arsenite, p. 267). Monnig recom- 
mends sulphur and arsenic combinations and also sodium _ fluoride, 
which, owing to its slow solubility, reaches the colon. For swine David 
recommends thymol (2 to 3 grammes on 3 consecutive days). Veglia 
found enemata of thymol emulsion effective against mature worms. In 
all cases a nourishing diet should be given, and if necessary iron and 
arsenic tonics; in some cases intestinal astringents may be indicated. 

Phenothiazine (p. 267) has now been proved of value in the treatment 
of cesophagostomosis in sheep. 


Administration of Thymol Enemata. On the previous evening a drink of water with 25 to 30 
grammes of Glauber’s salts to a litre is given, and on the following day an emulsion of thymol is 
prepared by triturating finely powdered and sifted thymol with water containing a little mucilage. 
The dose for a sheep is 1 gramme of thymol per 2 to 5 kg. body weight, with 1 to 1°5 litres of luke- 
warm water (35° to 38° C.), made into a uniform emulsion. ‘Thisis introduced by a rubber tube 
and funnel into the rectum while the hind quarters of the animal are raised, and is retained by 
compression of the anus. After the infusion the animal’s abdomen is shaken (while the anus 
is still compressed), so that the fluid can penetrate as deeply as possible into the large intestine. 
About an hour later the dead worms are found in the feces. 


Prophylaxis. The same measures should be adopted as in _pro- 
phylaxis against strongylosis of the stomach, and similar attention directed 
to pasture-land as in intestinal strongylosis of horses. ‘Theiler recom- 
mends alternation of pastures or removal of still healthy young animals 
to separate pastures. 


(s) Strongyloides Worms in Intestine (Strongyloidosis 
Intestinalis) 


Occurrence. This form of worm infestation was first described by 
Reisinger in sucking pigs in Austria, where it is epizootic. It also occurs 
in other European countries, America, and Japan, where it is sometimes 
known as “white diarrhoea.” Strongyloides have been found in cattle, 
colts, sheep, dogs, rabbits, weasels, stone martens, minks, and polecats. 
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Aitiology. In animals the morbid changes are caused by the parasitic 
generation of Strongyloides belonging to the nematode family Rhabditide. 


Strongyloides papillosus. In small intestine of sheep and other ruminants. A filiform worm 
4 to 6 mm. long, curved and pointed at its caudal end, in front of which is the anus. Vulva, 
near the last quarter of the body, surrounded by papilla. Ova 40 to 50X26 to 35 p, elon- 
gated oval, containing an actively motile coiled embryo. 

S. ransomi and S. suis are found in swine. 

S. westert. 8 tog mm. long. Ova 45 to 5430 to 45 p, oval or polygonal, often containing 
developed embryos. Occurs in the horse. 

According to Fiilleborn, Strongyloides stercoralis (S. intestinalis), which is found in man, is 
identical with the species found in dogs. Cram describes S. avium in fowls (in the cecum). 


Fic, 83.—Ovum or Chabertia Fic. 84.—Ova oF Strongyloides Fic. 85.— Ova oF Strongyloides 
; ovina. papillosus. westert. 


Development of Strongyloides. According to Kotlan and Vajda, the ova of 
the parasitic generation of swine Strongyloides are evacuated in the feces in 
the so-called tadpole stage, after which they develop into four different types. 
In the type found chiefly in young sucking pigs the rhabditiform embryo 
hatches at 30° C. within 5 hours, and in 48 to 50 hours develops into a filari- 
form infective larva (asexual generation). In somewhat older pigs of 5 or 
6 months the embryos in 25 to 29 hours develop into mature males and 
females and constitute the sexual generation, which produces further filari- 
form infective larve. In weaned and sometimes in older pigs a mixed form 
of reproduction occurs in which the two types coexist. In the so-called 
hyperinfective mode of reproduction (Faust) the ova, when present in the rectum 
of the host, hatch in a very short time and the filariform larve penetrate the 
mucous membrane in the same host and are carried in the 
blood stream to the small intestine, where they develop into 
mature females. The females of the parasitic generation 
probably reproduce themselves parthenogenetically. 

Resistance. ‘(he ova remain alive for several months in 
dry, decomposed feces. 


Infection. In sucklings, infection takes place from 
larve adhering to the udder of the mother; later 
from the ingestion of fodder or litter contaminated 
with manure containing the larve; in young pigs also 

through grubbing or lying on infested litter, as the 

Fic. 86.—Larva  larve can penetrate the intact skin as well as enter 

OF, Strongyloides the mouth and pharynx. Infection through the skin 
westert (X50). ' ’ : 

takes place chiefly through the hair follicles, but partly 

through microscopic fissures in the epidermis. In this way in the course 

of 10 days they are carried by the venous blood through the lungs to the 

bronchi, trachea, pharynx, cesophagus and stomach, during which time 
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they have nearly become sexually mature and can withstand the destruc- 
tive action of the gastric juice. A number of them are pressed through the 
capillaries of the lung and are also carried in the arterial circulation to 
the intestine. . 

Pathogenesis. Strongyloides worms appear to exert a pathological 
action in very young animals only, but they may render older animals 
more susceptible to other forms of disease. According to Wester, older 
colts and adult horses, and according to Kotlan and Vajda adult swine, 
are immune against Sfrongyloides invasion, and other observers have found 
Strongyloides worms present in adult swine and horses without any dis- 
turbance of health (worm carriers). 

In young foals, and especially in young sucking pigs, infected soon 
after birth the larve produce digestive and nutritional disturbances by 
injuring the mucous membrane of the intestine, which they also render 
liable to secondary infection by bacteria carried by them. In this way 
broncho-pneumonia may be caused during migration of the larve through 
the lungs and bronchi. 

Anatomical Changes. In young pigs the pathological changes 
consist in anemia, emaciation, eczema of the skin, conjunctivitis with 
opacity of the cornea, often bronchial catarrh with atelectasis, broncho- 
pneumonia, and sometimes necrosis of the lung tissue and pleuritis. In 
the intestine the mucous membrane is reddened in spots or blotches, and 
in older animals it has a slaty-grey colour, with slight infiltration of the 
intestinal wall. The intestinal contents have a foul odour, and the 
worms can be found in them by pressing a drop between two glass 
slides and examining it by transmitted light, or by microscopic exam- 
ination, by which the ova and embryos can also be seen. Miyamoto 
found intestinal invagination in about 10 per cent. of infested sucking pigs. 

Symptoms. In foals severe invasion causes periodic slight colic, 
emaciation, and sometimes diarrhoea, resulting in rapid loss of strength, 
terminating fatally. On the other hand, spontaneous cure may take 
place. 

In young sucking pigs mild cases may occur, producing a dirty, un- 
thrifty appearance, retarded development, emaciation, and sometimes 
eczema, or severe cases with eczema, conjunctivitis, intestinal catarrh, 
leading to cachexia, emaciation and anemia, and sometimes pneumonia. 
The duration is 2 to 4 weeks or longer, and the mortality varies from 
0.40 50° per ‘cent. 

In a dog, after massive invasion Ware observed progressive emaciation 
ending fatally. 

In fowls Cram found symptoms of acute and sometimes hemorrhagic 
intestinal catarrh. 

Diagnosis. This depends on the microscopic detection in the faces 
of sexually mature worms, their ova and larve, which may be present 


from 10 days after infection. Strongyloidosis is distinguished from 
VOL. Il. 22 
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strongylosis by the smaller size and the more advanced segmentation 
of the ova, many of which contain embryos. 

Treatment. According to Wester, foals are easily cured with 
Fowler’s solution (5 to 8 grammes daily for several days). In America 
carbon tetrachloride is often given (o-1 c.c.=0-16 gramme to 1 kg. body 
weight, as in gastrophilosis [p. 261]). Reisinger obtained improvement 
in young pigs with santonica (B.P.C.) (15 to 20 grammes on 3 consecutive 
days in the fodder), but in cases with fever and severe coughing even 
repeated treatment by this drug was fruitlesss. Marotel recommends 
extract of male fern (3 to’5 grammes once a week for 3 weeks), thymol 
(2 to 3 grammes for 3 consecutive days), areca nut (3 to 10 grammes 
daily for a week). In minks and beavers Sprehn found tetrachlorethylene 
reliable (0-3 c.c. with 1 to 2 c.c. liquid paraffin per kg. body weight, 
given by stomach tube). i 

Prophylaxis. ‘This consists in daily removal of feces and frequent 
disinfection of the animal houses, etc., followed by whitewashing with 
quicklime. For the extirpation of the disease from a herd of swine 
the procedure recommended by Haupt appears to be the best. In this 
procedure the sucklings and sows, after vermifuge treatment in the 
old pens, are scrubbed with soap and water and dried (with special 
attention to the teats) and placed in new clean pens. The same pre- 
cautions should be taken with the pregnant sows before farrowing. For 
severely infested litters the pen should be changed every week, and if 
necessary a second vermifuge treatment given in 14 days. As a rule 
three changes of pens and one or two treatments (the second before the 
third change of pen) are sufficient. (See also the McLean County 


System, p. 307.) 


(t) Thorny-Headed Worms in the Intestine (Giganto- et 
Echinorhynchosis) 


‘Etiology. ‘These worms include the genera Macracanthorhynchus and 
Oncicola of the family Gigantorhynchide, and Polymorphus, Filicollis and 
Plagiorhynchus of the family Echinorhynchide. ‘They are characterised 
by the presence of a protrusible proboscis furnished with several rows of 
strong hooks. 


Macracanthorhynchus hirudinaceus (Echinorhynchus gigas, Gigantorhynchus hirudinaceus). A thick, 
cylindrical, white worm, increasing in width towards its anterior extremity, transversely ringed, 
with no intestine and 5 or 6 transverse rows of strong hooks on its proboscis directed back- 
wards (Fig. 88). Male 6 to 10 cm., female 20 to 35 cm. long. Ova (Fig. 87) ellipsoidal, go to 
100 » long, with an envelope of three layers and containing an embryo with hooks at its anterior 
end. ‘The dark colour of the ova caused by staining from the feces can be removed by mixing 
the faeces with concentrated caustic potash solution, after which the ova can be examined in 
water. The worm inhabits the small intestine of swine. A similar form, M. catulinus, is found 
in the intestine of dogs in Turkestan. 

Oncicola canis (Echinorhynchus canis). About 1:25 cm. long, with a globular proboscis and 
6 alternating rows of hooks. Found in the small intestine of dogs in America. 

Polymorphus boschadis (Echinorhynchus boschadis, E. polymorphus). A yellowish-grey or orange- 
yellow worm with 16 longitudinal rows of hooks. Male 4 to 6 mm., female 10 mm. long. Ova 
110 uw long, yellow. Found in small intestine of duck, goose and swan. 
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Filicollis anatis (Echinorhynchus filicollis). Greyish-white or greyish-yellow, cylindrical, with 
18 longitudinal rows of hooks. Male 7 to 8 mm., female 13 to 30 mm. long. Ova 60 to 70 
long. Found in duck, goose, swan and wild aquatic birds. 

Plagiorhynchus formosus. A short, thick worm, 5:5 mm. long, with a laterally curved proboscis 
and 16 longitudinal rows of hooks. Ova 48 to 60 » Jong. Found in various birds, and recorded 
from the fowl in America. 

Development of Macracanthorhynchus. The ova, with their contained embryos, 
evacuated in the feces are deposited on arable land, where they are in- 
gested by the larve of various beetles or bugs; in Europe chiefly by the larve 
of the May-bugs (Melolontha melolontha, Amphimallus 
solstitialis, Polyphylla fullo, Astomala vitis, Epicometis virta), 
those of the rose-chafer beetle (Cetonia aurata) and the 
dung beetle (Scarabeus sacer); in North America by the 
grubs of other forms of May-bugs (Lachnosterna arcuata, 
Xyloryctes satyrus, Phyllophaga); in South America, accord- 
ing to Wolffhigel, chiefly by the larve of coprophagic 
beetles (Phaneus  splendidulus, Gromphas  lacordairet, 
Aphodius, Geotrupes, Diloboderus); in Manchuria by the 
larve of Harpalus tridens, Gymnopleurus, Phyllodromia, 
Citellus mongolicus. 


Fic, 87.—Ovum or Macracanthorhynchus hirudinaceus. 


In the intestine of these larve the embryos hatch 
and enter the body cavity, where they become encysted 
and remain there till the larve develop into mature 
beetles. After the ingestion of these intermediate hosts 
containing encysted worm larve the latter become free 
and invade the intestine of the host, in which they 
become sexually mature in 2 months. 

In the development of Polymorphus boschadis, and a 
probably also of the other species infesting water-fowl, 3, 99 —— Afsracantho- 
the intermediate hosts are small crustacea (Gammarus rihgnehus hirudinaceus 
pulex, G. locusta, Astacus fluviatilis), in which the worm (Harr Narurat Size). 
larve become encysted. 

Infection takes place through the ingestion of intermediate hosts con- 
taining the encysted worm larve; in swine chiefly through the con- 
sumption of beetles or their larve during grazing on arable land and 
other places infested with coprophagous larve, and also through the 
ingestion of May bugs. Dogs are infected in the same way through the 
ingestion of beetles containing worm larve. In water-fowl infection 
takes place through the ingestion of small fresh-water crustacea inhabit- 
ing stagnant pools or slow-running streams, and containing the encysted 
worm larve. , 

Anatomical Changes. Grey nodules or yellow foci of suppuration 
surrounded by a red areola are seen through the serous coat of the in- 
testine. The worms are found with their proboscis buried in the mucous 
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membrane, which is red and swollen and shows catarrhal changes and 
sometimes cicatrices. Sometimes the worms have perforated the intestinal 
wall and set up purulent peritonitis. 

Symptoms. ‘These are only pronounced in cases of severe invasion 
and are manifested chiefly in young pigs. In more severe forms of in- 
vasion similar symptoms occur in water-fowl. 

In swine there are symptoms of digestive disorder, emaciation, and 
sometimes abdominal pain, causing the animals to grunt restlessly, root 
about in the ground or litter, nuzzle at their abdomen or at other animals. 
Sometimes muscular twitchings or epileptiform convulsions are observed; 
these are usually followed by a fatal termination. 

In dogs, which are rarely affected, the symptoms may be manifested 
by fever, conjunctivitis, loss of appetite, pain in the hind quarters, 
muscular weakness, and sometimes delirium. 

In birds (duck, goose and swan) severe invasion may cause loss of 
appetite, diarrhoea, and emaciation. 

Diagnosis. ‘This depends on the evacuation of mature worms with 
the faces (easily determined in large swine herds), by the microscopic 
detection of the characteristic ova, and in large herds by post-mortem 
examination of animals which have died or been killed. 

Treatment and Prophylaxis. No absolutely reliable form of 
treatment is yet known. According to the investigations of Wolffhigel 
and Vajda the usual vermifuges, such as santonin, extract of male fern, 
kamala, oil of turpentine, sodium arsenite, carbon bisulphide, picric acid, 
tartarated antimony, benzene, thymol, etc., are ineffective, and Wolfthiigel 
regards the present forms of treatment as practically useless. On the 
other hand, Vajda succeeded in expelling the whole of the worms from 
35 sucking-pigs in 3 to 7 days by the administration of a preparation 
of oil of chenopodium. In America favourable results have been re- 
ported with nicotine sulphate in association with carbon tetrachloride 
(0-46 c.c. of the latter and 0:23 c.c. of a 1 per cent. solution of nicotine 
sulphate per kg. body weight). In this treatment caution is necessary 
on account of the great sensitiveness of swine to carbon tetrachloride. 
In this respect tetrachlorethylene may be less dangerous, given in pro- 
portionally higher doses. (According to Wright and Raffenberger, 5 to 
10 c.c. with magnesium sulphate was not completely effective.) 

Prophylaxis consists in the destruction of all insect larva known to be 
intermediate hosts, the avoidance of arable pastures infested by May- 
bug larve when economic conditions allow, the avoidance of May bugs 
in pigs’ food, especially that of young pigs, regular ploughing of fields 
to bring the May-bug larve to the surface, where they can be destroyed 
by birds. ‘The only measures available for water-fowl consist in keeping 
the birds from stagnant water and ensuring that pools are drained or 


filled up. 
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(u) Coccidium Protozoa in the Intestine (Coccidiosis) 


Primitive animals of the order Coccidia of the class Sporozoa, owing 
to their epitheliotropic power in certain stages of their development, 
penetrate and destroy the intestinal epithelium and give rise to severe 
and often fatal disease. In their resistant form (odcyst) they are uni- 
versally distributed and are common in the intestine of animals. 


Of the two genera belonging to this class, Eimeria is characterised by the formation of four 
sporocysts, each of which has two sporozoites; and Isospora by the formation of two sporocysts, 
each of which has four sporozoites. The representatives of this genus exhibit a specificity for 
both species and host. The opinion of some observers (Vervey, Uhlhorn, Krijgsmann) that 
the different forms of coccidia are merely varieties of one and the same species is, according to 
Tyzzer, untenable. 


Development of Coccidia (Fig. 90). In the host two alternating phases 
of development take place, an asexual one for multiplication and a sexual 
one for transmission from animal to animal. In the thick-walled odcyst which 
is discharged with the feces, under favourable conditions of temperature and 
humidity and access to light and oxygen in 2 to 6 days there develop in Ezmeria 
four and in Isospora two globular sporoblasts, and in these develop crescentic 
sporozoites, whereby the now sporulated odcyst is capable of infection. In 
the intestine of a host of the same or a closely allied species the wall of the 
oocyst is dissolved by the digestive enzymes and the free, actively motile 
sporozoites penetrate the intestinal epithelium between the surface of the 
cells and their nuclei, where they rapidly; increase in size and form round 
bodies, which form the initial stage of asexual multiplication or schizogony. 
Each schizont by successive nuclear division gives rise to a number of mero- 
zoites, which are similar in form to sporozoites. After destruction of the in- 
vaded epithelial cells the merozoites become free in the intestinal contents 
and then seek new epithelium, in which they are again transformed into 
schizonts and form numerous merozoites of the second order. After one or 
more repetitions the process of schizogony ceases entirely and _ sexual 
gameto- or sporo-gony commences. In this process the merozoites which have 
penetrated new epithelial cells give rise to female and male sexual forms, and 
from these arise the uninuclear female macrogametocytes and the micro- 
gametocytes, which by subdivision give rise to numerous slender flagellate 
microgametes. After rupture of the cells of the host the microgametes swarm 
in the intestinal contents, where they penetrate and fertilise the macrogametes 
to form zygotes. These immediately become encysted and form odécysts, 
which escape from the intestinal epithelium and are discharged with the feces. 
The total duration of the developmental cycle in the host, from the ingestion 
of the infective odcysts to the escape of the newly-formed odcysts in the feces, 
is about 7 days. 


The power of resistance of oocysts is.considerable. In a thick layer of dung or under a deep 
layer of water they remain unchanged for 2 to 2} months without undergoing sporulation, 
but retain their power of development. ‘They can withstand putrefactive processes for over 
3 months, and on pasture-land and in unclean stalls retain their infectivity for more than 
a year. Owing to the impenetrability of their envelopes they are unaffected by most disin- 
fectants. ‘They can withstand freezing, desiccation, and heating to over 40° C., but are killed 
by higher temperatures (at 55° C. in 10 minutes, at 60° C. in 20 seconds, at 80° C. in 3 seconds), 
Sporulated o6cysts are more resistant than those without spores. 


34.2 DISEASES OF DOMESTIC ANIMALS 


(a) Red Dysentery of Cattle 
(Entérite hémorrhagique, Flux de sang [French]) 


This is usually an enzootic disease occurring chiefly in young animals, 
and caused by Himeria zurni. It affects the large intestine, especially 
the rectum, and gives rise to hemorrhagic intestinal evacuations. 

Occurrence. In Europe the disease occurs almost ex- 
clusively in the summer, from June to September, and is 
more prevalent during wet years. Sporadic cases may occur 
eoeres in the late autumn or winter. In North America, however, 

Oécysr or —1t 18 common in the winter and has no relation to low-lying 
ah <ur- ground (Newsom, Roderick, Bruce). In Europe it usually 
attacks pasture animals (g5 to 100 per cent.), especially in 
mountainous regions, seldom in low-lying ground. Rastogaieff, in 
Leningrad, found coccidiosis in two bisons imported from North America. 
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Fic. 90.—ScHEMA OF LirE CycLE oF Coccidia (AFTER SCHAUDINN). 


1, Sporozoite leaving odcyst; 2, the same penetrating an epithelial cell; 3-8, schizogony (a- 
sexual multiplication) ; 8-10, merozoites penetrating new epithelium; 11a, 11), 11¢, develop- 
ment of macrogametes; 12a, 12b, 12c, development of microgametes; 12e, mobile micro- 
gamete; 13, fertilisation; 14, fertilised macrogamete; I 3-20, sporogony (sexual development). 


‘Etiology. The odcysts of Eimeria zurnt are round or oval in form, 
with a length of 12 to 25 to 30 to 35 pw and a width of ro to 20 p, and 
are found in the intestinal evacuations. De Blieck and Douwes found 
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them present in two forms, one smaller and globular, 12 to 18 p long, 
the other larger and oval, 20 to 28 p long, in the feces of a calf in- 
fested naturally, but in a young cow after artificial infection only the 
larger form was found. (Yakimoff and Galonzo regard the round form 
as Eimeria ztirnn and the oval form as E. smithii.) In the odcysts the 
highly refractive protoplasm appears uniform or granular, sometimes 
globularly contracted, with a clear spot, the nucleus, in its centre. 
Some of them may appear as surrounded by hyaline folded membranes, 
probably formed of dead coccidia. The envelope of the odcyst (in 
unstained preparations) is glistening and pale green in colour (small 
form), or brownish (large form). Cultures of coccidia are made most 
rapidly from smears from the feces with running water on filter paper. 
Sporulation occurs in 2 days and sporozoites are formed in 8 days. 

In single-hoofed animals Gousseff also found two different forms of 
Eimeria: Evmeria solipedum with round odcysts 15:5 to 26 pw in size, and 
F. uniungulati with oval oécysts 15:5 to 24-9 X 12°4 to 17 winsize. Camels 
also have their special form of coccidia, E. cameli, which also has round 
and oval odcysts, the former 26 to 33 p, the latter 28-3 x 25°5 p in size 
(Iwanoff-Gobzen). 

Infection is spread through the water from pools and marshes or from 
herbage in the vicinity of such places. It may also be conveyed in dry 
fodder and drinking water when these have been contaminated by the 
feces of coccidia-carrying animals, or from hay grown on silted-up wet 
pastures. ‘This explains infection in housed cattle during the winter, and 
also Ziirn’s observation, in which calves kept continuously indoors con- 
tracted the disease. Damp and dirty houses are especially dangerous. 

Susceptibility to infection in the majority of cases is greatest in young 
animals up to 2 years, but older animals may also be affected. The 
rarity of infection in calves under 6 months may be attributed partly 
to the fact that such animals have not yet been on pasture, but also to 
the undoubtedly slighter susceptibility of very young animals. ‘This has 
been demonstrated by Ott’s observations made on an infective pasture 
on which young cattle were infected, except those under 12 months, 
which escaped; also by the experimental infection of young calves by 
Wilson and Morley, which produced only very few coccidia in their 
intestinal evacuations. 

Pathogenesis. The free sporozoites during their passage along 
the intestine penetrate the epithelial cells of Lieberkiihn’s glands in 
the small intestine, in the colon, and especially the epithelium of the 
rectum. With their rapid increase by schizogony the resulting merozoites 
cause continually increasing auto-infection of the epithelial cells of the 
surrounding glandular ducts and of mucous membrane, and in this way 
involve increasing areas of the mucous membrane in the pathological 
process. The predominance of the disease in the large intestine is attributed 
by Ziiblin to the comparatively slow solution of the envelope of the odcyst 
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and the rapid passage of the contents of the small intestine. But in this 
connection it must be mentioned that in young calves the small intestine 
has been found severely affected, and that in other species of animals 
the small intestine is also liable to severe injury. 

Under the injurious action of the coccidia the epithelial cells become 
detached, the mucous membrane laid bare, and the dilated capillaries 
exposed. These effects explain the occurrence of intestinal hemorrhage. 
At the same time the irritant action of the coccidia sets up serous and 
small-celled infiltration of the mucous membrane, extending to the deeper 
layers of the intestinal wall. In places denuded of their protective 
epithelial covering, in cases of severe invasion, secondary bacterial 
_ infection may take place, especially in young or debilitated animals, and 
this may result in severe enteritis and general infection. 

Anatomical Changes. The contents of the colon and rectum are 
semifluid and of a greenish, reddish-grey or reddish-brown colour, and 
sometimes mixed with blood clots. The mucous membrane 1s red, 
swollen and corrugated, and covered with a grey or yellowish gelatinous 
coating mixed with streaks of blood. ‘The epithelial surface is eroded 
and studded with numerous blood spots. In more advanced cases, 
together with further loss of epithelium, the mucous membrane is slate- 
coloured and covered with shreds of mucus and epithelial debris. In 
very severe cases there is necrosis in the colon and catarrhal or hemor- 
rhagic enteritis in the small intestine, often due to secondary infection. 
Numerous coccidia (o6cysts, with a lesser number of schizonts and mero- 
zoites) are found in the intestinal contents. There is also a high degree 
of anemia or cachexia. 

Symptoms. According to the conditions affecting development the 
incubation period varies considerably. Roughly it averages 3 weeks, 
but may be only 6 to 8 days. On the other hand, Degoix observed an 
incubation period of 1 to 2 months in animals after transfer from byre 
to -pasture. 

The disease commences suddenly with diarrhoea, in which the faeces 
become mixed with blood and mucus in 1 or 2 days, often contain 
blood clots, and have an offensive and later a cadaverous odour. At the 
same time there is tenesmus of increasing severity, and sometimes rectal 
prolapse. In some cases a normal defecation is followed by the passage 
of blood clots, and in the following days by a mixture of diarrhceic feces 
with blood Aig Occasionally the disease runs its course without 
hemorrhage. (According to Bewan and Kingscome this form is common 
in Southern Rhodesia, and is manifested chiefly by anemia and debility.) 
In some parts of Germany coccidial invasion may give rise to no disturb- 
ance of health, especially in calves (54 per cent. against 22 per cent. in 
cows), but the animals continue to be coccidia carriers. 

Mild cases recover rapidly, especially in older cattle, intestinal hemor- 
rhage ceasing in 2 or 3 days and diarrhoea a few days later. In severe 
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cases, especially in young animals, there is a rapid exacerbation of the 
symptoms. ‘Tenesmus becomes more severe, the feces are liquid, foul- 
smelling and mixed with shreds of mucus and blood clots, and the appetite 
and rumination are suppressed. At the same time there is increasing 
emaciation, the gait becomes staggering, the pulse rate increases to 70 
or 80 or more, and the temperature rises to 40° C. or over. Later on 
the blood disappears from the feces, but they often contain lumps of 
mucus resembling croupous membranes. The eyes become deeply 
sunken, the animals can no longer stand up, and death takes place from 
exhaustion. 

Course and Prognosis. The average duration of the disease is 
_5 to ro days, but some cases run a rapidly fatal course in 24, hours. Some- 
times, after abatement of the severe symptoms, the appetite remains 
reduced, diarrhoea persists, the animal becomes emaciated, anemia 
develops, and death may occur after 5 months. There are also cases 
which, after a favourable course, undergo relapses; these, however, are 
not as a rule serious. Complications which may occur include gangrene, 
convulsions and coma in pregnant animals, bronchial catarrh and 
pneumonia. 

The prognosis is unfavourable in cases with early suppression of 
appetite and rumination, especially in very young or debilitated animals. 
The mortality averages 2 to 4 per cent.; in North America from 30 to 
5O per cent. ; 

Diagnosis. In the usual type seen in Europe the principal diagnostic 
points are the appearance of disease affecting chiefly young animals at 
pasture, and accompanied by hemorrhagic diarrhoea and rapid emacia- 
tion. The diagnosis is assisted by the presence of numerous coccidial 
oocysts in the feeces on microscopical examination, more especially in 
shreds of mucus and blood clots mixed with them, but it must be borne 
in mind that o6cysts increase rapidly in the feces from 5 to 15 days after 
infection. ‘The diagnostic importance of the presence of odcysts is further 
limited by the frequent occurrence in some regions of coccidial odcysts, 
although sparsely, in the feces of apparently healthy cattle (coccidia 
carriers). The presence of schizonts and merozoites is determined with 
difficulty. 

Treatment. For treatment to be beneficial, pasturing should be 
stopped and dry feeding substituted and a supply of pure drinking water 
insured; in cases of disease in housed animals dry feeding is also indicated, 
and the stalls should be kept thoroughly clean. Under such conditions 
the occurrence of reinfection, with a rapid increase of schizonts in the 
intestine, is prevented, and owing to the cessation of schizogony, 
spontaneous cure is rendered possible. This may partly explain 
the good results reported by some observers from the administration 
of certain arsenical preparations under favourable hygienic  con- 
ditions. | 
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No specific drug fatal to intestinal coccidia is yet known, but curative 
treatment can be promoted by the judicious administration of astringents 
and intestinal disinfectants. The coagulated coating formed on the 
surface of the mucous membrane by the action of astringents prevents 
to a certain extent the free merozoites from penetrating the epithelial 
cells, and also the merozoites present in the epithelial cells from escaping 
into the intestinal lumen. Disinfectants gaining the large intestine may 
destroy swarming sporozoites. The following astringents may be given, 
either alone or together with disinfectants: TTannoform alone or with 
bismuth subnitrate (tannoform, bismuth subnitrate, of each 50 grammes; 
medicinal charcoal, cacao pulv., of each 250 grammes), 6 grammes sprinkled 
on tongue 3 times daily; also enemata with 1 per cent. tannin or alum, » 
Of disinfectants, the following are those most commonly employed: 
Creolin alone or with tincture of rhubarb or calamus (B.P.C.) (20 : 40 : 40) 
daily, or mixed with kaolin (15: 1,000 grammes water), followed by 
2 doses of 5 grammes creolin alone. Thymol is sometimes given (15 
grammes daily), either alone or with tannoform (of each 10 to 15 grammes 
for 5 consecutive days); also methylene blue in a 0-4 per cent. aqueous 
solution (250 c.c. thrice daily by mouth or as an enema of 3 litres), 
catechu (2 to 3 cubes daily in water). A combination of atoxyl and tartar- 
ated antimony injections has also been used: 20 c.c. of a 10 per cent. 
solution of atoxyl every tenth or eleventh day, on the following 2 days 
2 grammes of antimony sodium tartrate (or antimonium tartaratum), 
injected intravenously at blood temperature. Intestinal hemorrhage 
requires special treatment (p. 133). Carré found a rapid disappearance 
of coccidia from the intestine in calves after. an exclusively milk diet 
(preferably fresh and warm). 

Prophylaxis. Both in housed and pastured animals prophylaxis 
should be directed against reinfection as well as fresh infection. Pools 
and swamps on pasture-land should be fenced, or else filled up or drained. 
Drinking water must be kept free from organic impurities, and especially 
from animal excrement. In the case of infection on pasture the healthy 
animals should be given a generous supplementary ration or at least be 
removed to dry and unaffected pastures. In houses it is important to 
avoid a moist warm atmosphere to prevent rapid sporulation of the 
odcysts. The food and drinking utensils and the floor should be disin- 
fected daily and dung-removed. When possible the stalls or boxes should 
be changed daily and the one evacuated immediately disinfected. 
Chemical substances soluble in water are mostly useless as disinfectants 
owing to their incapability of penetrating the outer membrane of the 
oocysts. At best cresol preparations (creolin, lysol, etc.) have only slight 
penetrating power, but the odcysts are rapidly killed by boiling water or 
the blow-lamp. For the disinfection of dung removed daily from the stalls 
the most suitable method is by moistening and packing it in straw covered 
with earth, by which means the odcysts are killed by the heat generated 
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spontaneously in the dung (over 60° C.). Before purchasing breeding 
animals from affected districts it should be ascertained that they are free 
from coccidia infection by microscopic examination of the feces. 


(8) Intestinal Coccidiosis in Sheep and Goats (Coccidiosis 
Ovium et Caprarum) 


Occurrence. This disease is of universal distribution and _ affects 
chiefly young animals, either sporadically or enzootically. In many 
regions it occurs principally in the early summer (June and July), 
but often persists throughout the year both in housed and_pastured 
animals. 

/Etiology. The chief causal agent of coccidiosis in sheep is Eimeria 
fauret (C. fauret), the odcysts of which are 20 to 40 w long and 15 to 26 pw 
wide, with a cap at the pole at which the micropyle is situated. Another 
form is Eimeria intricata, in which the odcysts are 42 to 54 x30 to 36 pw 
in size, with a rough surface and a well-marked polar cap. 

In goats Eimeria arloingi is found, with 
odcysts 20 to 36 X12 to 25 pw insize. It 
is closely allied to EF. fauret, and, according 
to Noller, identical with it. 

Infection takes place in low-lying wet 
pastures and meadows, especially those 
liable to be covered with pools of water 
during the rainy seasons, also from grass Fic. g1.—Odcysrs or (1) Eimeria in- 
cut from such places and from drinking ae EGC a) LENE 
water. It also occurs through the 
medium of fodder contaminated with the feces of affected animals or 
those which are coccidia carriers. Infection, and also rapid multiplica- 
tion of the ingested coccidia, are promoted by any conditions which lower 
the resistance of the animals, such as faulty’ weaning, exposure to cold 
after shearing, complete changes of living conditions, as in change of 
location, transfer to another flock, sudden change of fodder, inferior 
quality of food, faulty feeding, unfavourable weather, in-breeding, and, 
not least, youth. Under such conditions a latent coccidiosis may sud- 
denly become acute. This is explained by the frequency of coccidia 
carriers in flocks of sheep and goats, many of which are older, and 
especially breeding stock. (In goats examined by Bausewein, 77-7 per 
cent. of the animals were carriers and only 11 per cent. manifestly dis- 
eased.) The disease is spread principally by coccidia carriers, rarely 
by animals with clinical symptoms. It also appears that reciprocal 
infection may take place between sheep and goats (Ifland reported 
the infection of a herd of goats by a sheep suffering from diarrhoea 
and emaciation). ‘The possibility of mechanical transmission through 
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the medium of mice, rats, wild fowl and coprophagous insects (flies 
and their larve) must also be considered, as the coccidial cysts in- 
gested by such animals may remain uninjured in the intestine for 
11 days. 

Anatomical Changes. These are found chiefly in the small in- 
testine, occasionally also in the colon (Wester and Beyers). In distinction 
to cattle and other animals the anatomical changes are characterised by 
their occurrence in sharply defined foci, as in consequence of extensive 
invasion of the cells the mucous membrane appears more or less closely 
studded with white, grey or yellowish macule from a pin’s head to a 
linseed in size, or slightly raised granular papules (Reitsma counted 25 in 
about 1 cm. of intestine). The first sites of invasion are single gland ducts, 
from which invasion spreads to the neighbouring glands and then slowly 
extends further. Consequently in the centre of a focus macrogametes and 
odcysts are found, in the peripheral part other developmental forms. ‘The 
macrogametocytes, owing to their considerable size and number, cause 
epithelial proliferation and elongation of the glandular ducts, so that they 
project above the surface. 

In the further extension of the macrogametal area the central part 
becomes covered with newly formed epithelium, and the short stumps of 
the affected glands appear dark against the white periphery (ring-spot). 
At the same time the mucous membrane is often injected, the intestinal 
contents semifluid and slimy, of a yellow or brown colour, and sometimes 
mixed with blood clots. In the intestinal contents and in scrapings 
from the mucous membrane odécysts and other developmental forms of 
coccidia are found on microscopical examination (schizonts, merozoites, 
macro- and microgametocytes). In Honecker’s case in a young goat 
numerous coccidia were found in the bile ducts, which were filled with 
caseous material and transformed into grey cords. In _ Reitsma’s 
observations in three goats diphtheroid inflammation was present in 
the mucous membrane of the gall bladder, with papules similar to 
those in the intestine, and in two other goats necrotic foci in the liver 
with coccidial invasion of the hepatic cells without changes in the gall 
bladder (possibly due to hematogenous transportation). Post-mortem 
examination also shows signs of intense anaemia, emaciation and 
dropsy. , 
Symptoms. After an incubation period of 2 to 4 weeks the 
appetite usually becomes affected and symptoms of anemia appear, 
together with emaciation, foul-smelling diarrhoea’ usually without 
hemorrhage, also extreme weakness and often convulsions. In some 
cases circus movements are observed, and the head may be rested 
against fixed objects. In a few weeks the animal dies from exhaustion. 
Lambs often die in a few hours, following the development of acute 
tympanites. In prolonged cases nasal catarrh and conjunctivitis are 
observed. 
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Course. Sometimes there are only isolated deaths, but more com- 
monly there is a mortality of 20 to 30 per cent., or even 60 to 90 per 
cent. Animals which recover remain coccidia carriers for months. 

Diagnosis. Apart from the history and the presence of obstinate 
diarrhoea, diagnosis depends on the microscopical detection of numerous 
coccidia in the feces, bearing in mind that the presence of isolated odcysts 
only is not conclusive. Sometimes the diagnosis is not confirmed till 
post-mortem examination. In the living animal the differential diagnosis 
concerns lamb dysentery, hemorrhagic septicemia, worm infestation 
and idiopathic anemia. 

Treatment and Prophylaxis. In addition to the general directions 
and methods of treatment described for coccidiosis in cattle (vide supra) 
special mention must be made of treatment by tannoform in linseed 
mucilage, salol and tannoform (4:8 grammes daily), atoxyl and. anti- 
monium tartaratum alternately (0-5 to 1-0 : 0-25 to 0-5 gramme internally). 
Carré observed the rapid disappearance of coccidia from the intestine 
during an exclusively milk diet (preferably fresh warm cow’s milk). 

Sheep grazing on infected pastures should, if possible, be removed 
to sound, upland grazings and a supplementary ration of hay and con- 
centrates allowed. The infected pastures may then be grazed by non- 
susceptible animals—e.g., horses; by this means large numbers of odcysts 
are destroyed and it is said that after a period of six months the pastures 
may again safely be grazed by sheep. 

The obviously affected sheep should be isolated from the main flock. 
It is also advisable to move the animals daily at least for 14 days, during 
which they remain in the same loose-box only 1 day and night, and are 
then removed to another box, the vacated box being thoroughly cleaned 
and disinfected in the meantime. In sheep pens with a bedding of 
litter, it is sufficient to remove about 10 to 20 cm. of the surface dung 
and cover the remainder with a layer of sand or turf about 5 cm. thick 
saturated in a reliable disinfectant. It has been advised that a prepara- 
tion of “‘ Chlorinated Turf’? be mixed with the litter. For cleansing 
and disinfecting houses the most suitable method is that described for 
coccidiosis in cattle (vide supra). In goat houses the feeding troughs 
~should be placed in such a position that the animals cannot contaminate 
them with their faeces. Exercise grounds should be sprayed with thick 
limewash and the surface dug up. The burning or burying of the 
carcasses and entrails of diseased animals is a further precaution. The 
power of resistance against infection is increased by the gradual and 
appropriate weaning of sucklings, by proper attention to housing and 
feeding, and the avoidance of in-breeding. 
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(y) Intestinal Coccidiosis in Swine (Coccidiosis Suis) 


Occurrence. During the last decade greater attention has been 
paid to the occurrence of coccidiosis in swine, which has been shown 
to be prevalent in most countries. In Holland Munnik found coccidia 
in 58 per cent. of swine examined, and in Berlin .they were found in 75 per 
cent. of slaughtered pigs and even in ro-day-old sucking pigs. Coccidiosis 
in swine has also been reported in France, Hungary, Russia (10 to 60 per 
cent.), North America and Java. 

AEtiology. ‘The odcysts of the causal organism Eimeria debliekt, vary 
considerably in size (from 20 to 50 X18 to 33 m), and for this reason, 
contrary to the views of Noller and Frenz, Douwes distinguishes two dif- 
ferent forms. Sporulation takes place in 10 to 14. days at room temperature. 

The mode of infection is similar to that in cattle and sheep (wide supra), 
except that coccidia carriers, especially sows, play a still greater part in 
spreading the disease. In observations made by Briester and Murray 
cattle coccidia, after passage through swine, were also infective for 
swine. 

Anatomical Changes. ‘These are found exclusively, or at any rate 
are most pronounced, in the small intestine, chiefly in the jejunum, in 
the form of catarrhal to hemorrhagic changes with marked vascular con- 
gestion. In the severest cases the mucous membrane may be entirely 
denuded of epithelium. 3 

Symptoms. These are manifested chiefly in young animals, and 
are those of acute intestinal catarrh, with diarrhceic evacuations some- 
times tinged with blood. This may be fatal in itself, and may also 
predispose to secondary infection by pus organisms. After experimental 
feeding numerous oécysts appear in the feces after an interval averaging 
7 days and for a duration of 2 weeks. Experimental animals which 
recover acquire immunity for 18 or more days. | 

Treatment and Prophylaxis are practically the same as in cattle 
and sheep (q.v.). 


(6) Intestinal Coccidiosis in Dogs and Cats (Coccidiosis 
Canis et Cati) 


Occurrence. Coccidiosis is widely distributed in England, France, 
Germany, Austria, Hungary, Italy, Switzerland, Holland, Russia and 
North America. In Paris Brumpt found 50 to 60 per cent. of dogs 
infested with coccidia, while in Austria Mayer, in 248 specimens of dogs’ 
feces, found them present in only 1-6 per cent., and at the Budapest 
clinic Rusvay found coccidia in 12 per cent. of 250 dogs examined. In 
North America Flaherty found more than 50 per cent. of dogs in- 
fested..: For cats Pospisch, gives .the -figure,; as 398-18 “per scent., and 
Nieschulz 28 per cent. in Holland. In Wetzel’s observations cocci- 
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diosis caused the death of all the members of two litters of kittens aged 
2 to 4.months. In some regions the disease causes fatal enzootics among 
young Cats. 

Atiology. Of the two genera Eimeria and Isospora, Eimeria canis 1s 
only rarely found in dogs; this produces 6ocysts 18 to 45 X11 to 28 yin 
size. More frequently found is Isospora bigemina, in which the oécysts 
are 10 to 16, occasionally 18 to 20 long and 7:5 to 14 to 16 yw wide, with 
two sporocysts enclosing 4 sporozoites. The most common form is Isospora 
rivolta, with odcysts 20 to 25 X15 to 20 mw In size. 

In cats, likewise, Eimeria felina (with odcysts 21 to 26 X13 to 17 “In 
size and colourless) is rare, while Isospora bigemina and Jf. felis (with 
odcysts 39 to 48 x 26 to 37 fin size) are more common, 
and Jf. rivolta the most common. The development of 
coccidia in dogs and cats differs from the usual course 
of coccidial development, as in Isospora bigemina sporu- 
lation usually takes place in the same host when em- Fic. 92.—IJvospora 
bedded in the intestinal villi. Infection takes place Bienen, 
through food contaminated with feces owing to lack of 
hygienic precautions. Coccidia carriers constitute the principal source 
of infection—animals which have been infected without showing symp- 
toms, especially older animals, and also those which have recovered after 
mild invasion. An attack of distemper appears to increase the suscepti- 
bility to coccidiosis. : 

Anatomical Changes. ‘These consist in desquamative intestinal 
catarrh with punctiform or linear hemorrhages in the lower portion of 
the small intestine (10 to 15 cm. anterior to the cecum), occasionally 
also in the first part of the colon. In the case of Isospora bigemina the 
developmental stages generally described as taking place beneath the 
epithelial layer were not found by Zapfe. 

Symptoms. In carnivora also coccidiosis is typically a disease of 
young animals. While older animals which are infected remain ap- 
parently healthy, young animals are more or less severely affected, 
especially before the age of 6 months, more rarely up to 18 months. 
There is also a mild form of the disease with less marked changes in the 
intestinal evacuations, which may remain undetected, terminating in 
recovery. In the severe form caused by massive invasion the symptoms 
comprise lassitude, reduced appetite, severe diarrhoea with foul-smelling, 
slimy and sometimes hemorrhagic evacuations, progressive anemia, ab- 
dominal tenderness, and in cats sometimes vomiting, salivation, general 
distress and high temperature. In a dog Wirth observed general en- 
largement of the lymphatic glands. Even in these cases recovery may 
take place if reinfection is prevented, as the excretion of odcysts begins | 
at the earliest on the eleventh day after infection, reaches its acme on 
about the sixteenth day, begins to decline from the twentieth day, and 
then ceases suddenly. Under unfavourable conditions (intercurrent 
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disease, youth, secondary infection, unhygienic housing). death may take 
place from exhaustion in 14 to 30 days, occasionally earlier. 

Diagnosis. ‘The symptoms and the apyretic course of the affection 
suggest coccidiosis, but a definite diagnosis depends entirely on the 
microscopic detection of numerous odcysts in the feces. In cases where 
the faeces are of firm corisistence this is rendered easier by administering 
an enema of physiological salt solution, when odcysts and also merozoites 
can often be found in the evacuated fluid. 

Treatment and Prophylaxis. Treatment with atoxyl and tartar- 
ated antimony (p. 346), and also with emetin, trypan blue, creolin 
and quinine has proved ineffective, while if reinfection is prevented 
spontaneous cure may result. Consequently, in addition to purely 
symptomatic treatment, special attention should be directed to prophy- 
laxis. ‘This consists in the separation of all coccidia carriers, daily 
cleansing of the animals’ quarters and all their appurtenances, burning 
all feces and litter, frequent change of houses and immediate disinfection 
of those vacated, to avoid further ingestion of odcysts. Great importance 
attaches to the use of hot water and mechanical scrubbing in cleansing 
the animal quarters and utensils. 


Intestinal Coccidiosis in Furred Animals. According to Sprehn, 
coccidia are not infrequently found in silver sable and blue foxes (accord- 
ing to Sustmann in 55 per cent. of all animals). The infesting parasites 
are usually Lsospora bigemina (vulpina) and JI. canivelocis. Young animals 
are usually clinically affected, while the older ones are only coccidia 
carriers. Massive invasion may give rise to intestinal catarrh and 
diarrhoea, sometimes hemorrhagic, anaemia and emaciation, with a fatal 
termination. Numerous o6dcysts are found in the feces in the young, 
but few in the older animals. ‘Treatment and prophylaxis are the same 
as in the dog. 


(ce) Intestinal Coccidiosis in Rabbits (Coccidiosis Intestinalis 
Cuniculi) 


Occurrence. Of all domestic animals rabbits are most often and 
most severely affected by coccidiosis. This usually takes the form of 
hepatic or intestinal coccidiosis, or both forms combined, or there may 
also be nasal coccidiosis. It often affects large groups of animals, and 
may attack all the young rabbits between the ages of 6 to 8 weeks. 

‘Etiology. ‘The causal parasite of intestinal coccidiosis is Eimeria 
perforans, the odcysts of which are 15 to 30 x 12 to 18 win size, colourless, 
oval in shape, and with no polar cap at the micropyle end. In addition 
to this form the following may be found: EF. media, E. magna, E. exigua 
and £. piriformis (the last with yellowish-brown odécysts 26 to 3217 to 
21 in size). : 
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Infection may arise from food or water contaminated with feces 
containing odcysts. Any factor which produces debility may act as a 
predisposing cause of infection—e.g., overcrowding, unsuitable feeding 
and improper management in general. Young animals are particularly 
susceptible; older animals, even if infected, usually present no clinical 
symptoms. Coccidiosis may be transmitted to rabbits from brown 
rats. 

Anatomical Changes. These are usually found in the lower 
portion of the small intestine and in the cecum, sometimes throughout 
the whole intestine, in the form of severe intestinal 
catarrh. The mucous membrane is red and swollen, 
covered, with viscid pale red mucus and_ studded 
with whitish nodules; it is sometimes ulcerated. 
Numerous coccidia are found in the intestinal _ 
contents and in scrapings from the mucous mem-_ Fic. 93.—Odcysrs_ oF 
brane. In some cases the changes in the mucous iB Gente Pee 
membrane are very slight. 

Symptoms. ‘The symptoms are those of severe enteritis accompanied 
by diminished appetite, exhausting diarrhoea, rapid emaciation and 
debility; also ascites and intestinal hemorrhage. According to the 
degree of invasion Habartik distinguishes an apoplectic form without 
previous signs of disease, a subacute form with diarrhoea ending fatally 
in 4 to 8 days, and a chronic form with emaciation and a fatal termination 
in 3 to 4 months, after nervous symptoms (convulsions, paralysis), which 
according to Galli-Valerio are due to small foci of meningo-encephalitis 
in the central nervous system, but which may perhaps be explained 
by the coincidence of primary encephalo-myelitis which is common 
in rabbits. The mortality in intestinal coccidiosis is 90 to 100 
per cent. 

Diagnosis. ‘The presence of intestinal coccidiosis is suggested by 
the occurrence of severe diarrhoea, abdominal distension, and rapid 
emaciation, but a definite diagnosis depends on the microscopic detection 
of numerous odcysts in the feces, or eventually on post-mortem examina- 
tion. Hepatic coccidiosis is distinguished by the presence in the feces 
of a comparatively small number of larger, yellowish odcysts containing 
micropyles at their attenuated pole. 

Treatment and Prophylaxis. In rabbits also no drug is specific 
against coccidia. Apart from symptomatic treatment of the diarrhoea, 
variable results may be obtained by chemotherapy by means of atoxyl 
(0.04. to o708 gramme) and potassium antimony tartrate (0-006 
gramme) given on alternate days for 14 days. Other drugs which 
may be tried are methylene blue (1 gramme in 4 litres of boiled 
water), a teaspoonful twice daily, or in the drinking water; thymol 
with oil (1: 10), $ teaspoonful for adult animals, for young animals 


given in the food without oil; creolin in the following proportions: 
VOL. Il. ae) 
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pure creolin 2°5 parts, sodium bicarbonate 4 parts, syrup 400 parts, 
water 2,000 parts, given in small quantities with dry food and no 
other fluid allowed during the treatment (recommended by Krijgsmann, 
but not found effective by Nieschulz); quinine sulphate in daily doses 
of o:r gramme; chinosol in 1 per cent. solution (5 c.c. for adult, 
2°5 c.c. for young animals); guaiacol in a solution containing 2 grammes 
guaiacol, 20 grammes alcohol and 80 grammes water (in doses of 5 c.c. 
daily in the drinking water). Carré observed rapid disappearance of 
coccidia from the intestine after an exclusively milk diet (preferably 
warm cow’s milk). 

It appears that we must rely chiefly upon prophylactic measures 
similar to those recommended for coccidiosis of sheep and goats (vide 
supra), adapted with the necessary modifications. Raebiger and Spiegl 
suggested that the floor of the rabbit hutch be constructed of tightly 
stretched wire netting with meshes large enough for the fecal balls to 
drop through into a box half filled with powdered peat moss. ‘The 
young should be separated from older animals, and, according to Sust- 
mann, young animals should remain with their infected mothers only 
during suckling, being separated in the intervals. Green fodder should 
be given in moderation, especially to young animals. Further measures 
include the isolation or slaughter of manifestly infected rabbits and the 
separation of the healthy from those found by examination of the feces 
to be coccidia carriers; the exclusion of these from breeding; raising the 
general powers of resistance by feeding generously with “ protective ”’ 
foodstuffs—e.g., bruised oats, milk, greenstuffs, turnip; protection from 
cold; addition of calcium salts (precipitated chalk, calcium gluconate, 
bone meal) to the food; avoidance of under-nutrition of sucklings by 
removing the surplus members of the litter and erection of a resting board 
so that the doe may get out of reach of the litter. Rabbit carcases, 
viscera containing coccidia, and feces should be destroyed either by bury- 
ing them deeply, or preferably by burning them. Hutches should be 
cleaned daily and kept dry (by using straw, hay or peat moss as litter), 
and should be disinfected by scrubbing with hot water and soda at least 
every 14 days. The provision of food racks made of wire netting and 
food troughs with a strip of grating placed over them lengthwise (to 
prevent the animals getting into them) is also useful. Great caution is 
necessary in the purchase of breeding stock. 


Intestinal Coccidiosis in other Rodents. In some regions coc- 
cidiosis is common in field hares. Nieschulz found go per cent. of hares 
infected in the neighbourhood of Utrecht. Schlegel also reported a great 
mortality from this cause among hares in several areas in Southern Germany. 
The parasites found in the hare are Evmeria stiede and E. leporis (26 to 
38X13 to 20 uw). In distinction to the rabbit, in the hare coccidia infest 
the stomach as well as the intestine, and the gastric mucous membrane 
is often highly inflamed and studded with punctiform hemorrhages. Accord- 
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ing to Nieschulz, the infection of the stomach is possibly due to antiperistaltic 


action. 
In guinea-pigs coccidiosis occurs under unfavourable conditions of feeding, 


and increased considerably after the war, when in many regions it was found 
in 73 per cent. of all animals examined. The parasite concerned is Ezmeria 
cavie (16 to 25X12 to 17 uw). The clinical significance and treatment are 
the same as in coccidiosis in rabbits. 

In rats coccidiosis is found in laboratory animals of the age of one to several 
months and is often fatal (in 8 to 10 days after severe diarrhoea with yellow 
or orange coloured evacuations, polyuria and rapid emaciation in spite of 
a fairly maintained appetite). Shortly before death the feces often are free 
from o6écysts. In cases with a duration of over 10 days recovery takes 
place. “The causal parasite is Eimeria miyarti. In brown rats Rudovsky 
found E. stiede and E. falciformis. It is stated that rabbits can be infected 


experimentally. 

In squirrels, Eimeria sciurorum causes a high mortality in the young animals 
in Switzerland. In these animals, in addition to the usual intestinal symptoms, 
there is also paralysis of the hind quarters due to affection of the central nervous 
system, in which foci of disseminated encephalo-myelitis have been found 
similar to the condition which sometimes occurs in rabbits. 


(€) Intestinal Coccidiosis in Birds (Coccidiosis Intestinalis 
Avium) 


Occurrence. Intestinal coccidiosis occurs in all species of domestic 
poultry, and also in pheasants, quails, ptarmigan and grouse. In recent 
years it has increased in extent and importance, and often appears en- 
zootically and in a severe form in the warm periods of the year, usually 
affecting young birds even of the age of 4 to 12 days, less frequently 
those over a month old. It occurs most often in poultry, less often in water- 
fowl, while pigeons, although they frequently harbour intestinal coccidia 
(according to Noller 54:5 per cent.), are seldom severely or fatally 
affected. 

/Etiology. The intestinal coccidia of birds belong to the genera 
Eimeria and Isospora. ‘The latter is represented by Isospora lacazer (Diplo- 
spora avium) in sparrows and song birds, as well as in certain kinds 
of wild birds. In domestic poultry several forms of Himerta occur in 
different species of birds. Lzmerta tenella (Ee. avium, C’.. tenellum) is the most 
important because it gives rise to severe intestinal coccidiosis in young 
fowls; it produces odcysts of markedly variable size (13 to 30 x 11 to 24 p). 
With this and with other forms is found FE. mitis (odcysts 14. to 19 X 13 to 
15 p and globular), apparently without pathological action. Equally 
harmless is . acervulina (odcysts definitely oval, 17 to 20x14 to 16 yp), 
while £. maxima sometimes causes mild symptoms. In turkeys, F. meleagridis 
is found (odcysts 19 to 30X17 to 23 «); in pigeons, E. pfeiffert (odcysts 
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globular, 16 to 18 4); in pheasants, /. phastani (odcysts narrow, 23 X 16 p). 
In domestic geese the most common form is £. parvula, which, however, 1s 
apparently harmless (oécysts globular or elliptical, 10 to 15 x 10: to 17 p, 
with no mcropyle); more rarely and chiefly in young birds, E. anservs, 
which either independently or associated with bacterial infection is patho- 
genic (odcysts pear-shaped, with a definite micropyle, 16 to 23x13 to 
18 p), and FE. nocens (o6cysts truncated at one pole, 25 to 33x17 to 
24. pw). 

The chief sources of infection are food materials, muddy drinking water 
when contaminated with the feces ef affected animals or coccidia carriers 
(especially brood hens). Infection is introduced by the purchase of 
infected birds, and also by purely mechanical transmission through wild 
birds (sparrows), small rodents, insects and their larve, 
in which the ingested odcysts remain capable of de- 
velopment for days. (Uhlhorn produced pathogenic 
Mic. 94.—Eimeria an- effects in fowls by means of infection with rabbit 

eee coccidia.) Infection from brood eggs is also possible 
in chickens, partly from odcysts adhering to the 
outer surface of the egg shell, and partly from 
those enclosed in the egg albumen, although, ac- 
cording to Bittner, the bodies described by Podwys- 
sotzki as odcysts in the white of egg were worm 
ova. | 

Pathogenesis. According to the variety of coccidia and the age 
and species of the infected bird different parts of the intestine are affected. 
In fowls Emerita tenella is found chiefly or exclusively in the ceca, while 
E. mitis inhabits the whole extent of the small intestine, as does E. acer- 
vulina, which, however, has a preference for the lower section of the small 
intestine. In water-fowl the small intestine is affected. 

The pathogenic action of coccidia is manifested through mechanical 
injury to the intestinal epithelium, thereby opening the way to bacterial 
infection from the intestinal contents, which may result in inflammatory 
processes in the mucous membrane or in general infection. 

Anatomical Changes. These may be confined to the ceca (especi- 
ally in young chickens) or the small intestine (in grouse especially in the 
duodenum), but occasionally the greater part of the intestinal tract may 
be involved. In acute cases in young chickens one or both ceca are en- 
larged, studded with red macule or disseminated small hemorrhages, 
the contents chocolate to blood colour, and sometimes mixed with blood 
clots. ‘The mucous membrane is swollen and brownish-red in colour. 
In the small intestine, especially in geese, severe catarrhal or deep-seated 
inflammation is present, with localised epithelial detachment, greyish- 
white or blood-stained contents, greyish-white papules or macules on the 
mucous membrane, and scattered masses of fibrin. In some cases, especi- 
ally in young chickens, the disease may run a rapidly fatal course, with 


Fic. 95.—Eumerta trun- 
cata. 
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a complete absence of inflammatory changes, and the cause of death is 
only discovered by the microscopic detection of coccidia, which in such 
cases are present in large numbers. In subacute and chronic cases the 
intestinal mucous membrane of the emaciated animal is studded with 
red macule coated with viscid mucus. 

Symptoms. After experimental infection Eckardt found that 
symptoms appeared in 3 to 6 days, but as a rule the incubation period 
is from 2 to 3 weeks. 

In the acute form the symptoms commence with severe and obstinate 
diarrhoea, intense thirst and prostration, while the appetite remains un- 
changed. Soon afterwards salivation and 
stupor develop, the appetite is lost, and the 
comb becomes bluish-red. The feces are 
yellow ochre in colour, slimy or blood- 
stained. Mayer and Crocker observed in 
some cases a discharge from the nose and 
eyes, and also a special form of conjunctivitis, 
with fibrin deposits on the conjunctiva and 
corneal opacity. Death follows in 2 to 4 

days (especially in chickens and ducks), or 
“may occur suddenly in the absence of pre- 
vious symptoms (hemorrhage into the 
ceca, sepsis). In young chickens, Eick- — Fic. 96.—Odcysts or Eimeria 
mann and Karmann observed paralysis of Sere Meet 
the legs, as occurs in fowl paralysis. 

In the subacute form the symptoms develop more slowly and _ the 
animals live for 2 to 4 weeks, during which time they become 
emaciated. 

The chronic form leads to a condition of marasmus with alternating 
diarrhoea and constipation. 

The mortality is from 60 to 90 per cent., but in some enzootics the 
whole of the affected birds die. Infection with EF. tenella and FE. maxima 
may confer immunity. 

Diagnosis. ‘This depends entirely on the detection of coccidia in 
the feces or in the intestinal contents of birds which have died, as the 
clinical symptoms and history only suggest the possibility of coc¢idiosts. 
The diagnostic significance of the presence of only a moderate number 
of coccidia is reduced by the frequency of coccidia carriers presenting 
no symptoms. For this reason in doubtful cases, and also in all peracute 
cases with defective o6cyst formation, scrapings from the mucous. mem- 
brane should be examined microscopically, when, after a little practice, 
the early stages of coccidia development (schizonts, merozoites) can be 
found within the epithelial cells. In the differential diagnosis, fowl 
cholera, chicken plague and septicemic affections have to be considered. 
and in turkeys infectious entero-hepatitis. 
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Treatment. The results of treatment are unpromising, as no 
specific form of medication is known. ‘The following drugs, however, 
have been tried: Calomel (0-006 to 0-02 gramme), or a few drops of castor 
oil with 2 or 3 drops of oil of turpentine; sodium  hyposulphite 
(0-3 to 2-0 gramme); methylene blue (p. 353); catechu (0:2 gramme) ina 
quart of water as a drink for 10 consecutive days (Fantham); tannoform (a 
teaspoonful mixed with a hard-boiled egg finely grated, for ten chickens, 
given on 2 consecutive days, with intervals of 1 day); areca nut 
(1 grain for ten chickens, finely powdered, dried and mixed with feed); 
thymol (2 grammes thymol, 40 grammes glycerin, and 960 grammes 
water, for pigeons in teaspoonful doses, together with catechu 10 : 1,000 
as a drink). In America favourable results have been reported with 
1odocasein, prepared by dissolving 2-8 grammes of potassium iodide and 
1°5 grammes of iodine in 75 c.c. of water and mixing with a litre of milk, 
then heating the mixture till a white colour is produced; 750 c.c. are 
given in 44 litres of water as a drink. According to Krijgsmann, creosote, 
formaldehyde, catechu, areca nut, naganol and chiniofonum are quite 
ineffective, and rectal treatment of cecal coccidiosis is impracticable. 

Prophylaxis. This consists in isolation of healthy birds, burning 
the carcases and feces containing coccidia, daily cleaning of the floor 
of the fowl-house, disinfection and drying of the incubators and hatching 
boxes (Sprehn recommends disinfection with iodine), lime-washing the 
ground, followed by digging up to a depth of 45 cm. and sprinkling with 
sulphate of iron (100 to 150 grammes to a square metre), thorough 
cleansing of feeding utensils, preparation of mashed fodder with boiled 
water only, boiling of drinking water, and when possible removal of 
chicken coops to a dry place, or daily change of these for 20 days or 
till odcysts cease to be excreted. If possibility of infection is present it is 
advisable to administer from 0-02 to 0:03 gramme of sulphate of iron 
in the feed and frequent doses of castor oil (4 teaspoonful) with 5 to 10 
drops of oil of turpentine, or chinocarbon (chinosol with powdered 
charcoal) in a teaspoonful dose to 1 kg. of dry mash (Lihrs). Laxative 
treatment of hens for 1 to 2 weeks before laying, and cleaning the eggs 
kept for hatching with warm water or 95 per cent. alcohol is also recom- 
mended. The hatched brood should be kept on sterilised or disinfected 
ground and their quarters frequently changed. Domestic water-fowl 
should be kept away from half-dried swamps and pools. Eichmann and 
Karmann have shown experimentally the great advantage of hygienic 
measures (wire floors to coops, food and water containers outside 
coops, etc.) over disinfection methods. 
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(v) Infectious Inflammation of the Czcum and Liver in 
Turkeys (Enterohepatitis Infectiosa Meleagridum) 


(Black-head ; Schwarzképfigkeit [German] ; Tete notre, Citse rouge [French] ; 
Amibiasis meleagridum) 


Occurrence. ‘This disease occurs especially in North America, 
where it causes a high mortality. It is also observed in a less malignant 
form in Europe, Africa, Australia and Eastern Asia. It chiefly affects young 
turkeys of the age-of 3 weeks to 2 to 3 months at the time of development 
of the comb and wattles, and during the moulting period. It is also 
sometimes found in hens and in wild fowl. 

‘Etiology. According to Tyzzer, the infecting parasite is oe 
meleagridis, a flagellate protozoon. It is found in the intestinal wall as 
homogeneous globular amoeboid form, 8 to 15 mu in size, with an eae 
nucleus (seen on examination in physiological saline solution or in 
preparations stained with Giemsa’s method), and in the intestinal contents 
as a flagellate form with 2 to 4 flagella. Drhoblav succeeded in cul- 
tivating it on artificial media. In its resting stage it can live for more 
than a year in the open, as it is not killed by frost, while its early develop- 
mental forms are killed in 24 hours. The classification of the causal 
organism of black-head is not definitely established. By its discoverer, 
Smith, it was named Ameba meleagridis and classed with the Amcebe. 
According to Hadley, Jowett and Gallego, it should be regarded as a 
cystic form of Trichomonades, which are common in the intestine of 
birds. According to Noller, however, it is not a protozoon at all. 

Infection takes place through the ingestion of food or drinking water 
contaminated with the feces of diseased or apparently recovered animals. 
The disease is also transmitted by feeding healthy turkeys with infected 
organs. ‘lizze and Faby reproduced the: disease in the lungs, liver, . 
kidneys and intestine by the subcutaneous injection of turkeys with an 
emulsion of liver foci. Smith and Tyzzer, as the result of careful in- 
vestigation, conclude that infection is spread by setting eggs. Further, 
according to Smith and Graybill, Heterakis galline plays an important 
part in the spread of infectious material by means of its embryo-containing 
ova, because the causal organism may be present within the shell of the 
Heterakis ova and be carried with their embryos into the deeper layers 
of the mucous membrane of the cecum. 

Pathogenesis. As the result of the penetration of the causal organism 
into the submucosa and muscularis of the intestinal wall there is an 
abundant exudation of leucocytes and at the same time a diminution 
or degeneration of the tissue cells, while the mucous membrane itself is 
the least affected, and is only involved secondarily. In the intestinal 
wall the causal organisms are transformed into the round or oval forms 
and proliferate both by encystment and by sporulation. In this way, as 
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well as by inflammatory degenerative processes, a thickening of the in- 
testinal wall is produced. Further, the secondary destruction of the 
intestinal epithelium allows the causal organisms to escape into the 
intestinal lumen. Some of them are carried by the portal circulation to 
the liver, where they settle in the hepatic cells and set up pathological 
processes, possibly in conjunction with bacteria carried with them from 
the intestinal wall. 

Anatomical Changes. One or both of the ceca appear uniformly 
enlarged, the wall thickened and the lumen partially or entirely filled with 
reddish contents, cast-off necrotic tissue, or plugged with a caseous yellow 
cylinder. The mucous membrane is covered with several layers of 
fibrinous deposit and necrotic tissue, and in some parts ulcerated. The 
liver is enlarged to two or three times its normal size and contains 
numerous hard, white or yellow round foci, softened in the centre and 
with irregular borders, situated deeply or sometimes raised slightly above 
the surface. Similar foci may be found in the kidney and occasionally 
in the pancreas. Sometimes adhesions are present between the ceca 
and other loops of intestine, the liver or gizzard, or between the liver 
and the glandular stomach. In scrapings from the deep submucosa 
of the intestinal wall, and also in necrotic foci in the liver, different 
developmental forms of the parasites can be found on microscopic ex- 
amination of preparations in physiological saline or stained with Giemsa’s 
method. 

Symptoms. After an incubation period of 13 to 3 weeks, seldom 
longer, in the acute form and in young turkeys the symptoms begin 
with loss of appetite, lassitude, debility with sluggish movements, drooping 
of the wings, avoidance of their fellows, and diarrhoea with whitish, 
yellow or green, foul-smelling semifluid evacuations. These are followed 
by rapidly progressive emaciation. At the same time or later in the 
course of the disease the caruncle and also the neighbouring parts of the 
skin become dark grey or black in colour (hence the origin of the term 
‘ black-head’’). Death supervenes about the end of the first or the 
beginning of the second week, sometimes suddenly. ‘The mortality is 
80 to 95 per cent. In older birds the disease assumes a chronic form, 
in which the symptoms develop gradually with a moderate degree of 
emaciation and lower mortality (about 20 per cent.). Convalescence 1s 
usually slow, and may be interrupted by relapses. Birds which recover 
remain /7istomonas carriers. 

Diagnosis. <A definite diagnosis is only possible by post-mortem 
examination, with microscopic examination for the causal organism. 
David states that diagnosis can be made in the living bird from the 
presence in the feces of organisms with 1 to 3 motile flagella. 

Treatment and Prophylaxis. No reliable method of treatment 
is known, although Tyzzer obtained encouraging results with tryparsamide 
when given subcutaneously in high doses at the earliest sign of the disease. 
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Wegeforth observed favourable results from fluid extract of ipecacuanha 
(10 drops thrice daily for 3 days, then twice daily for 3 days, then once 
daily for 3 days). David recommends tartarated antimony (3 to 8 c.c. 
of a 1 per cent. solution every second day for 5 to 6 doses). 

More satisfactory results are obtained from prophylactic measures: 
isolation of young poults from the older birds, at least for the duration 
of 2 to 3 months; change of quarters every 10 to 14 days; hygienic treat- 
ment of the coops as in coccidiosis (vide supra); systematic expulsion of 
ascarids in poultry; disinfection of the brood eggs with 1 per cent. lysol 
solution; if necessary, removal of breeding turkeys to clean land and the 
use of incubators. ‘The operation of ligature of the ceca recommended 
as a preventive measure by several authorities, on account of its high 
mortality in the turkeys operated upon (20 to 40 per cent. in young 
birds, about 8 per cent. in birds 6 to 7 weeks old), is of little or no 
practical importance. 


Other Flagellata in the Intestine. Gzardia (Lamblia), a turnip-shaped 
flagellate, flattened or concave on one side anteriorly, and furnished with a 
depression or “‘ sucker” (cytostoma), inhabits the small intestine of mice, 
rats and rabbits, less often that of dogs, sheep and cats, and has been 
found in calves and goats, and in two birds in a zoological garden. In rabbits 
and dogs it may cause fatal enteritis, and also appears in association with 
other inflammatory diseases of the intestine. 

Trichomonas columbe (Cercomonas columbe) inhabits the small intestine of 
pigeons, and has. also been found by Rivolta and others in necrotic foci in 
the liver (Cercomonas hepatica). ‘This parasite gives rise to the formation of 
circumscribed yellow foci in the liver and other organs, and also pericarditis 
and peritonitis, together with catarrh of the small intestine. These lesions 
are manifested clinically by the sudden appearance of severe diarrhoea and 
. prostration, ending fatally. In addition to Trichomonas other flagellates 
(Eutrichomastix, Cochlosoma, Chilomastix, Hexamita) may occur in birds. | 

Ameebic Dysentery in Animals. Apart from cases observed in a 
badger (Meles taxus) in the zoological gardens in Cairo, and in an orang- 
utan in Manila, and in other apes in America, true amcebic dysentery occurs in 
dogs. ‘There have been several reported cases in India. The causal organism 
is identical with that of amoebic dysentery in man, in Ware’s cases especially 
with Entameba histolytica. In Gauducheau’s observations a dog was infected 
from the feces and another dog from the intestinal mucus of men suffering 
from amoebic dysentery. Debilitating influences appear to predispose to 
infection. Simic obtained positive transmission to dogs, which then infected 
their cage companions. Cats have also been experimentally infected. Also, 
in a region of Africa where the natives suffered severely from amoebic dysentery 
Walkiers observed acute dysentery in a cow, with Entameba in the intestinal 
evacuations, the probable source of infection being fodder contaminated with 
human feces. 

The symptoms consist in lassitude and muco-hemorrhagic diarrhoea, with 
numerous amoebe in the evacuations. Post-mortem examination shows 
multiple ulcerations in the colon. In Ware’s cases (in dogs) cures were obtained 
by dieting and the administration of emetin (0-03 to 0-06 gramme). Walkiers 
successfully treated a cow by intramuscular injections of antimonium chlor- 
hydrate in increasing doses for 10 days (0-5 to 3-30 grains). 
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Ameebiasis intestinalis has been reported by Leger as an enzootic in guinea-pigs, by 
Lehmann as a necrotic process in the fore-stomachs of cattle and as an intestinal affection in 
lambs, with papillomatous formation in the mucous membrane; also as an ulcerative enteritis 
in a horse. In America, Smith found Entameba suis between the intestinal glands and in the 
submucosa, and Nieschulz and Feibel found Jodameba in swine. 

Globidium (Gl. leuckarti, Gl. besnoiti), allied to the Gregarine and Sarcosporidia, has been found 
in foals (in Navez’s observation enzootically), also in a young bull in which there were symptoms 
of intestinal catarrh and retarded development. According to Noller, Globidium is commoon 
in sheep in Germany, and is found in the wall of the abomasum and small intestine, and accord- 
ing to Marotel and Moussu it sometimes causes fatal gastro-enteritis. 

Infusoria. Of the different infusoria found in animals, Balantidium coli is common in the 
colon of swine without causing any symptoms of ill-health. The same applies to the numerous 
forms of infusoria found in the colon of horses, and in the rumen of ruminants. In man and 
the anthropoid apes the so-called balantidial dysentery, with the formation of ulcers, is 
observed. 


SECTION VI 
DISEASES OF THE LIVER AND BILIARY PASSAGES 


1. Icterus (Jaundice) 


JAUNDICE, or icterus, 1s a symptom of various diseases in which bile 
pigment accumulates in the blood (bilirubinemia), and then is partly 
excreted by the kidneys (bilirubinuria) and partly deposited in the tissues. 

‘Etiology. Several forms of icterus are distinguished according to 
the nature of the primary disease. Catarrhal jaundice occurs especially in 
duodenal catarrh and also in acute gastric catarrh, and is caused on the 
one hand by obstruction to the opening of the ductus choledochus, or — 
in the case of the horse of the ductus hepaticus, by swelling of the 
mucous membrane; on the other hand by inflammatory changes in 
the larger biliary passages or chiefly by necrosis of the liver cells. 
Mechanical or obstructive icterus may be caused by invagination of the 
duodenum, tumours in the pyloric region, obstruction of the bile ducts 
by foreign bodies, parasites (liver fluke, ascaris), gall-stones, or cicatricial 
contraction (occasionally in cats and dogs, and in Raschke’s case in a 
pig, by congenital stenosis), and by pressure on the bile ducts (enlarged 
lymphatic glands, echinococci of the liver). Pressure obstruction of the 
biliary capillaries is present also in acute and chronic inflammations of 
the liver and in passive congestion of that organ (in a case observed by 
Schmidt in a horse this resulted from torsion of the left lobe of the liver). 
Again, in acute atrophy of the liver (phosphorus poisoning, lupinosis, etc.) 
the biliary capillaries may be obstructed by cell debris resulting from 
extensive necrosis of the liver cells. According to Chierici, Bouchet 
and Poenaru, a form of infectious icterus occurs which is due to angiocholitis 
caused by coli bacteria, and which Poenaru regards as connected with 
a primary affection of the hepatic cells. The true infectious icterus of 
dogs is caused by Leptospira icterogenes, the causal organism of Weil’s 
disease of dogs (see Vol. I.), while in dog typhus, Stuttgart disease, or 
icterus gravis jaundice is only a symptom. An outbreak of lepto- 
spira icterus was observed by Catchpole on a silver-fox farm, in which 
seven out of eight animals were cured by antiserum. Hemolytic icterus 
(dynamic, anhepatogenous, hematogenous) occurs in connection with 
solution of the blood cells caused by hemolytic poisons (potassium 
chlorate, creolin, naphthol, naphthalin, acetanilidum and acids), or as 
the result of septic and infective processes (piroplasma, leptospira, 
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hemolytic streptococci, polybacterial infections—observed by Poenaru 
in cats—septic and infective icterus). Also epizootic and enzootic 
jaundice of sheep (so-called sheep cholera) which is seen in Scotland, 
Australia, and South Africa in older lambs and yearlings (McGowan, 
Albiston), the causal organism of which was found by Robinson to belong 
to the group of coryne bacteria (Corynebacterium hemolyticum ovis), belongs 
to this category. [The condition in Scotland to which reference is made 
is probably yellowses (quod vide).] In a case of hemdlytic jaundice 
observed by Bendixen and Carlstroém in a horse the cause was not dis- 
covered, and it was regarded as a constitutional condition. 

In a different category must be placed icterus neonatorum, which usually appears in new-born 
infants on the third day of post-natal life, and is unaccompanied by other symptoms. Occa- 
sionally this affection is observed in newly-born foals, calves and lambs shortly after birth, and 
exceptionally as a congenital condition, and is usually fatal. Sausseau and Guillault observed the 
disease in 8 per cent. of newly-born mules, with a mortality of 50 per cent., but rarely in horses or 
asses (Saint-Martin attributes the disease to an endoglobular hematozoon). In 322 newly-born 
calves Metzger observed in 7-4 per cent. a form of icterus resembling human icterus neonatorum. 
Koch observed the same in newly-hatched chickens and Montserrat in lambs. ‘These forms 
of icterus have been attributed to various conditions. The earlier view regarded them as due 
to the resorption of bile pigments from the intestine into the portal blood, and thencé by the 
ductus venosus (which remains patent for a time after birth) into the general circulation. More 
recently the icterus has been attributed to a temporary deficiency in the excretion of bile pigments 
by the liver due to the cessation of the excretory function of the placenta during feetal life. 
Metzger and Koch regard the cause as a resorption of the maternal blood constituents from the 
intervillous spaces of the placenta (Schick), especially iso-agglutinins and isolysins, during 
rupture of the chorionic villi, or from the colostrum (Lenart), owing to some affection of the 
mother (Moussu and others). According to Volhard and others, the cause lies in an increased 
destruction of red blood cells occurring at birth, when with the commencement of pulmonary 
respiration the increased oxygenation of the blood renders a considerable proportion of the red 
blood cells present in the foetus superfluous for the organism and results in an excess of bilirubin 
which cannot always be excreted by theliver. Ylpp6 attributes the condition to a physiological 
parapedesis with partial transudation of bile into the blood during the short period of functional 
capacity of the liver after birth, resulting in part of the bile pigments entering the blood. 
Icterus due to other causes may also occur in the newly-born, especially as the result of umbilical 
infection. 


Pathogenesis. According to recent observations by Eppinger and 
others, the pathological process commences with an anhepatocellular 
formation of bile pigment, caused, according to the species of animal 
concerned, either through the reticulo-endothelial system (Kupffer’s 
cells and capillary endothelium of the liver, certain tissue elements in 
the spleen, etc.), or apart from this in the blood itself or in the tissues. 
The bilirubin formed in this way (bilirubin I.) gives only the delayed or 
indirect Hijymans-V an den Berg reaction (vide infra) owing to the deficiency 
in buffer salts, does not become oxidised to biliverdin on exposure to air, 
is not soluble in chloroform, and is not found in the urine in man, but 
occurs in that of the dog. As regards the hepatogenous formation of bile 
pigment there is still a difference of opinion. The bile pigment originat- 
ing in this way (bilirubin II.) gives an immediate or direct Van den Berg 
reaction, 1s oxidised in air to biliverdin, is soluble in chloroform, and can 
be detected in the urine even in a concentration of I : 5,000 to 1 : 6,000. 
According to Aschoff and his co-workers, there is only an anhepatocellular 
formation of bilirubin in which the hepatic cells function as excretory 
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organs for blood bilirubin, or at the most give rise in it to certain changes 
of a physical or chemical nature which render it fit for excretion. On the 
other hand, Minkowski and his pupils regard the hematogenous formation 
of bilirubin of no greater importance than the hepatogenous from the 
quantitative point of view. Also from the results of experiments  per- 
formed on geese and dogs by the administration of hepatic poisons after 
removal of the liver (Rosenthal, Melchior and Licht) the predominant 
part played by the liver in the pathogenesis of icterus must be considered 
as proved, but it is still undecided whether the liver cells are concerned 
solely in the excretion of bile pigment formed elsewhere, or whether they 
take part directly in a hepatogenous formation of bilirubin. 

According to these results a purely anhepatocellular icterus is possible 
as the result of hemolysis, but is practically of only secondary importance, 
because about 3 or 4 hours later the viscous pleochromatic bile leads 
to the formation of so-called biliary thrombi within the bile ducts, which 
then constitutes a mechanical obstacle causing back pressure of bile towards 
the liver cells, with distension of the bile ducts and biliary capillaries. 
Under these conditions the terminations of the biliary capillaries become 
swollen and permeable to the bile, which escapes into the adjacent 
lymphatic capillaries and also into the bloodvessels. The blood serum 
then, instead of the indirect bilirubin reaction characteristic of hemolytic 
icterus, very soon gives the direct reaction of hepatic bilirubin. More- 
over, rupture of the biliary capillaries soon takes place, followed by a 
direct overflow of bile into the lymphatic and blood capillaries. In 
diseases of the liver and bile ducts the process often begins with bilary 
stasis and exudation of bile into the blood, if perchance parapedesis 
(paracholia) does not deliver some bile pigment through the affected liver 
cells up the adjacent lymphatic capillaries even in the case of a continual 
flow towards the bile ducts. As already mentioned, Eppinger found 
necrosis of the liver cells constantly present in catarrhal icterus, and 
therefore this form of jaundice must be regarded as of hepatogenous origin. 

Pathological Anatomy. With the exception of nerve tissue all 
organs are stained yellow. ‘This is especially marked in the fatty tissue 
in the mesentery, the fatty capsule of the kidneys, the subepicardial fat 
and the subcutaneous tissue. ‘The yellow colour is also present in blood 
clot and in fluid exudates. In a cow with severe icterus Wyssmann 
observed a black coloration of the kidneys. In birds, according to Riither, 
icterus is manifested only by a greenish coloration of the peritoneum. 

By the yellow coloration of the other organs icterus is distinguished 
from yellow coloration of the fatty tissue caused by certain food sub- 
stances in horses and in grazing cattle, by over-feeding with cotton 
seed, and also from the infiltration of the subcutaneous tissue with yellow 
serum (seen in emaciated cattle). Kappel, however, in well-marked cases 
of food staining found the organs as well as the skin stained yellow. 

Symptoms. Yellow coloration of the mucous membranes and 


366 DISEASES OF DOMESTIC ANIMALS 


unpigmented portions of the skin is a distinctive sign, most easily recog- 
nised in the conjunctiva. It can also be seen in the nasal and buccal 
mucous membranes by exerting temporary pressure upon them. ‘The 
colour varies from lemon to orange-yellow or greenish-yellow. A still 
earlier sign is brownish-yellow or greenish-yellow discoloration of the 
urine, which on shaking produces a yellow froth. Previous to this an 
excess of bilirubin can be demonstrated in the blood serum. ‘The sweat, 
milk and exudates also contain bile, but not the lachrymal secretion or 
the saliva. The feces in mechanical icterus contain little or no bile, and 
in carnivora appear clay-coloured or grey, but in hemolytic icterus the 
feeces are definitely stained yellow to a greater or less degree and contain 
an excess of urobilin. 

Other symptoms are reduced appetite, emaciation and loss of strength 
(due to disturbance of hepatic function), sometimes bradycardia and 
arhythmia of the pulse, lassitude, frequently albuminuria, and in cases 
with pronounced interference with hepatic function also a diminution 
of carbamide in the urine (0-1 to I per cent. compared with 2 to 3 per 
cent. in healthy animals). In a case of Poenaru’s this occurred in in- 
fectious icterus. In severe cases there occur symptoms of so-called 
icterus gravis (hepatic auto-intoxication, hepatoxemia), including nervous 
disturbances such as indifference, lethargy or immobility, muscular 
spasms, excitability, dyspnoea, sometimes Cheyne-Stokes respiration and 
collapse. These symptoms are caused chiefly by deficiency in the anti- 
toxic function of the liver cells (caused by the primary disease or as the 
result of biliary stasis) preventing the toxic action of putrefactive processes 
and protein decomposition in the intestine. 


Infectious icterus of dogs (Leptcspira icterus) is manifested by clinical symptoms of icterus gravis. 
This affection occurs sporadically or enzootically in England, Holland, Switzerland, and Austria, 
and is also observed in young foxes. According to Wirth, the icteric form of Stuttgart disease 
of dogs belongs to this category, but the clinical picture is complicated by uremic symptoms 
due to nephritis, the usual symptoms of dog typhus (see Vol. I.) being followed in 2 to 4 days 
by jaundice, when dark-ground examination of the urine shows the presence of numerous 
leptospira, as in Weil’s disease. ‘The mortality is over 80 per cent. 

Enzootic icterus of young sheep commences with severe diarrhoea, sometimes mucoid or bloody, 
intense thirst, high temperature (to 40° C.), yellow coloration of the mucous membranes 
and skin, followed by debility and emaciation, and in some cases by swelling of the parotid 
region accompanied by dyspnoea, nasal discharge and drooping of the ears. Death takes place 
in a few days to 3 weeks. 

Icterus neonatorum differs from the similar but transient affection occurring in man. In 
cases hitherto observed in lambs it was always fatal, and in foals in 50 per cent. In mules it is 
associated with definite hemolysis, in chickens with slight yellow coloration of the skin and 
abdominal organs and a sulphur yellow coloration of the liver. 

Detection of Bile Pigments in the Urine. In Gmelin’s test the urine is layered with concentrated 
nitric acid (containing 1 to 2 per cent. of fuming nitric acid); at the junction of the two fluids 
a ring of colour is formed, of which only green is conclusive. A more suitable test is that 
of Rosenbach’s modification, in which a filter paper through which the urine has been filtered | 
is touched with the end of a glass rod dipped in fuming nitric acid; a play of colours is produced 
—yellow, red, violet, blue and green—from within outwards. For horse’s urine, in which the 
usual tests often fail, Grimbert’s test may be used. In this test 10 c.c. of urine are mixed 
with 5 c.c. of a 10 per cent. solution of barium chloride, shaken and then centrifuged or filtered; 
the precipitate is mixed with 4 c.c. of go per cent. alcohol containing 5 volumes per cent. of 
hydrochloric acid and heated for 1 minute, when the liquid assumes a blue to dark green colour 
on standing. If the bluish colour persists, 2 drops of peroxide of hydrogen are added and the 
liquid heated again; the characteristic green colour will then appear. 
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Detection of Bile Pigments in the Blood Serum. In Van den Berg’s method the serum is mixed 
and shaken with an equal part of diazo reagent (10 c.c. diazo I. [sulphanilic acid 1-0, hydro- 
chloric acid 10:0, distilled water up to 200] and 1 c.c. diazo II. [sodium nitrite 1-0, distilled 
water up to 200] to prevent excess of nitric acid). This produces a bright red colour (azo- 
bilirubin), either immediately or in 30 seconds (direct or prompt reaction). ‘The indirect or 
delayed reaction occurs in 2 to 7 minutes, as after precipitation by alcohol. A similar colour 
is also produced in Sabatini’s and Monasteria’s tests. 

The quantitative estimation of bile pigments by Van den Berg’s method 1s performed as follows: 
After precipitation of the serum proteins by alcohol, the filtrate, which contains the bile fungus, 
is added to the diazo reagent, and by means of the colorimeter the content in bile pigments 
is estimated by comparison with a standard solution. 

On account of the complicated nature of the above method it is better for practical purposes 
to employ Meulengracht’s bilirubin colorimeter, in which the serum can be compared directly 
with a standard solution containing pure bilirubin by placing 5 c.c. of serum in the testing 
glass and adding physiological saline solution till the colour is the same in both tubes. ‘The 
number indicated on the testing glass gives the bilirubin content. In horses a greenish tint 
may not be noticed, because it is masked by the presence of lutein (lipochrome), but this does 
not impair the reliability of the method, as was shown by Grassnickel, who found that in al} 
normal horse sera bilirubin was present in quantities of 0-0194 to 0-0314 mg. per I c.c. of 
blood serum, and caused a yellowish coloration. In the blood serum of horses, sheep and 
swine Koch found bilirubin present in varying amounts, but much lower in the other animals 
than in the horse. On the other hand, Aschoff failed to demonstrate bile pigments in the blood 
of healthy dogs. 


Treatment. ‘This must depend on the nature of the primary disease, 
but as a rule is of benefit only in catarrhal icterus, when, after the 
cessation of acute gastro-intestinal catarrh, the icterus disappears. In 
all cases the diet requires careful regulation, with avoidance of fats and 
foods rich in protein. Laxatives, such as Glauber’s or Epsom salts and 
Carlsbad salts, should be given frequently, and lukewarm enemata 
in small animals. Relaxation of the sphincter muscle of the opening 
of the ductus choledochus may be produced by the administration of 
papaverin, atropine or scopolamine, thereby promoting the outflow of 
bile into the intestine. Direct cholagogues may also prove helpful. In 
constipation mild laxatives should be given, and in oliguria diuretics. 
In the case of infectious icterus of dogs Bouchet recommends sub- 
cutaneous injections of 20 grammes of a solution containing 2 grammes 
each of caffein and sodium benzoate and 9 grammes of sodium chlorate 
in 1,000 grammes of distilled water at body temperature. Moussu and 
others obtained good results in go per cent. of cases of icterus neonatorum 
in mules by the intravenous injection of 50 c.c. of a hemopoietic serum 
obtained from the third bleeding of a healthy adult mule. 


2. Gall-stone (Cholelithiasis) 


Incidence. Apart from clumpy deposits and incrustations, typical 
gall-stones are rare. They are most often found in horses and cattle, 
more rarely in dogs, and only exceptionally in cats, swine and sheep. 
Kitt found a gall-stone in the gall-bladder of a hen. 

/Etiology. ‘The formation of gall-stones is often due to catarrh 
of the biliary passages caused by extension of bacterial infection from 
the intestine through the bile duct, also by parasites (liver flukes) 
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and foreign bodies (portions of the intestinal contents). General in- 
fective diseases may also give rise to infection of the bile ducts through 
the liver, intestine or blood stream. Lastly, biliary stasis may promote 
the formation of gall-stones by separation of the solid constituents of the 
bile, or by the development of a catarrhal condition. 


Formation of Gall-stones. According to Lichtwitz, gall-stone formation 
commences with a nucleus consisting chiefly of condensed or coagulated 
colloid (protein, mucin, nucleo-albumin) and bilirubin calcium. ©The separa- 
tion of bilirubin calcium is due to the condensation of the colloids, by which. 
the protective action they exert on weakly soluble salts is lost, and the salts 
are deposited on the colloids. Such a nucleus forms an active surface foreign 
to the bile upon which a further deposition of absorbable colloids takes place, 
followed by condensation and precipitation. In this way the size of the con- 
cretion, the basis of which is formed by colloids, is increased. Formed bodies 
(cells, parasites, foreign bodies) may also present a heterogeneous surface for 
the deposition of colloids. Such colloid or concentration concretions (dark 
brown, white or gelatinous) are sometimes found in the gall-bladder of pigs. 
True gall-stones, consisting of concentric layers, are formed by incrustation after 
profuse diffusion and deposition of amorphous precipitates. Radially striated 
cholesterin gall-stones are formed by the deposition of crystals of cholesterin 
under certain conditions in a radial direction. In animals, probably the first 
factor in the formation of a gall-stone nucleus is usually a catarrhal affection 
of the gall-bladder, induced on the one hand through the occurrence of 
abundant easily-condensed colloids (protein, mucin) and desquamated epithelial 
cells or other formed bodies, on the other hand through a change in solubility 
of the salts dissolved in the bile as the result of increased formation of choles- 
terin in the epithelia and increased separation of calcium, and also as the 
result of other changes in the chemical composition of the bile. Biliary stasis, 
on the other hand, is probably much less often a primary factor. 


Pathological Anatomy. Precipitates are often found on _ the 
mucous membrane of the bile ducts or in the bile in the course of liver- 
fluke infestation in cattle, and sometimes in horses from other causes. 
In old cases these masses form hollow, rigid cylinders attached to the 
walls of the ducts. In horses, cattle and swine there are sometimes 
found actual casts of the bile ducts in the form of hard, conical cylinders 
the size of the finger, which in the fresh state are brownish-yellow and 
smooth, but in the dried state rough and stratified. In other cases they 
resemble chalk or mortar, and sometimes contain food particles (Gurlt 
found one such cast weighing 5 lbs.). 

True gall-stones are commonly found in large numbers in the bile 
ducts, but more frequently in the gall-bladder. They may be spherical 
with a surface lke a mulberry, or polyhedral with smooth facets, and 
are yellowish-brown, green, grey or reddish-brown in colour. As a rule 
they are not dense and have a specific gravity of only 1:23. On section 
they present layers of different colours enclosing one or more soft nuclei. 

Gall-stones of the size of a lentil or pea are sometimes found in great numbers (Birnbaum 


found 400 in a horse, Rigot 90, Avérous over 1,000, Lewin 500 to 600 stones). On the other hand, 
single stones the size of an apple sometimes occur (Verheyen). In a case of Avérous’ among 
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numerous small stones was found one 114 cm. long weighing 258 grammes situated in the terminal 
part of the principal bile duct. Messner found a stone weighing 542 grammes in a cow. | 

Chemical Composition of Gall-stones. As a rule gall-stones are poor in cholesterin (according to 
Kitt 1°35 per cent., according to Wenner 5:56 to 13°20 per cent., according to Zschokke 10 to 
15 percent.) and rich in bilirubin (28-61 per cent.), carbonate and phosphate of calcium, and in 
rosea ger Bourgoin found a cholesterin stone weighing 330 grammes in the bile duct of a 

Associated with gall-stones there is usually a chronic catarrh of the 
biliary passages with thickening of the mucous membrane, also dilatation 
of the bile duct and atrophy of the surrounding hepatic tissue (in cattle 
the common bile duct may attain the width of the large intestine). The 
impaction of large gall-stones may lead to hypertrophic cirrhosis of the 
liver or hepatic abscess. Sometimes they cause death by rupture of 
the gall-bladder or the bile duct, with peritonitis. Gall-stones which 
have passed from the bile ducts may sometimes be found in the 
intestine. 

Symptoms. Gall-stones may be present in considerable numbers 
in the gall-bladder without causing any digestive disorder (in a case of 
Eberhard in an apparently healthy pig after slaughter the gall-bladder 
-was completely filled with gall-stones). In the larger biliary passages 
stones cause obstruction to the passage of bile, but the resulting digestive 
disturbances are not pathognomonic and consist only in a variable 
appetite, foetid diarrhoea alternating with constipation, and in ruminants 
sometimes a moderate degree of flatulence, lassitude, emaciation and 
anemia. 

Sudden obstruction of a bile duct, especially of the large hepatic 
duct, the common duct or the neck of the gall-bladder, causes spasmodic 
contractions of the musculature of the duct, which in horses and some- 
times in cattle gives rise to mild or severe colic (gall-stone colic), which 
sometimes, with remissions, continues for several days, but sometimes 
only for a few hours. In some cases it may disappear, but is always 
associated with hebetude. After 2 or 3 days, sometimes earlier, 
there appears icteric discoloration of the mucous membranes which 
increases rapidly during the attacks of colic and disappears equally 
rapidly after their cessation; in obstruction of the neck of the gall-bladder, 
however, icterus is absent. During colic the temperature rises and the 
pulse rate is usually increased, but sometimes slow and arhythmic. There 
may be either retention of feeces or constipation, and in dogs vomiting 
often occurs. In a proportion of cases the liver is enlarged and sensitive 
to pressure, in which case symptoms of icterus gravis develop and in 
some cases inflammatory affections of the internal organs, especially 
nephritis through the absorption of bacterial endotoxins. (Wyssmann 
observed hemorrhagic nephritis in a horse.) A fatal termination from 
hepatic auto-intoxication or from perforation is not uncommon; in the 
latter case there is a sudden appearance of sensitiveness to pressure 
over the abdominal wall, with rapid respiration and a small and hard 
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Diagnosis. ‘This is only possible in cases associated with biliary colic, 
icterus, tenderness to pressure, and enlargement of the liver and symptoms 
of icterus gravis. It is only in rare cases that the diagnosis is confirmed 
by the presence of gall-stones in the feeces. Frequently recurring icterus 
with transient painful enlargement of the liver, however, is suggestive 
of gall-stones. : 

Treatment. In biliary colic narcotics should be given, such as 
morphine subcutaneously and chloral hydrate per os or per anum; in severe 
cases chloroform may be inhaled. The passage of the stone may be 
possibly assisted by mild aperients (castor oil, olive oil, Epsom salts, 
Carlsbad salts, calomel). Parascandolo removed a gall-stone from the 
bile duct in a dog by laparotomy and obtained healing in 4 weeks. 

For the prevention of gall-stone formation the continued administra- 
tion of Epsom salts is recommended, together with a moderate diet and 
plenty of exercise. For disinfection of the biliary passages, salicylic 
acid, sodium salicylate, hexamine or formamol are useful. 


Foreign Bodies in the Liver and Bile Ducts. In cattle, pointed | 
foreign bodies from the reticulum or abomasum sometimes penetrate the liver, 
where they usually give rise to abscess formation, causing symptoms suggestive 
of traumatic gastritis or suppurative hepatitis. In a horse, Saint Cyr found 
a piece of straw in the liver which had caused thrombosis of the portal vein; 
this it had apparently reached from the stomach or duodenum by way of the 
gastro-hepatic ligament, as in a similar case of Megnin’s in which an awn 
of barley gave rise to fatal hemorrhage from injury to one of the large blood- 
vessels. Cadeac and Blanc found a needle in the liver in each of three dogs, 
one of which showed symptoms resembling rabies. 

In cattle, swine and horses large quantities of sand (in Augenheister’s case 
about 10 litres), cinders or small pebbles are sometimes found in the biliary 
passages, which they reach by way of the ductus choledochus, or in horses 
the ductus hepaticus, after the ingestion of fodder mixed with such substances. 
Kinsley observed several cases in swine in which the gall-bladder and biliary 
passages were occluded and dilated by these substances, without presenting 
any disturbance of health before slaughter. Food particles sometimes escape 
from the duodenum into the bile duct, where they give rise to inflammatory 
changes. In a cow which died suddenly, Kohlhepp found the gall-bladder 
distended with intestinal contents. Occasionally ascarids may wander into 
the ductus choledochus and larger biliary passages and cause fatal icterus 
(especially in swine). 


3. Fatty Degeneration of the Liver (Steatosis Hepatis) 
(Hepar adiposum) 


A pathological increase of fat in an otherwise healthy liver, or fatty 
infiltration (fatty liver), may be produced by over-feeding (especially in 
fattening animals), and also from deficient exercise, as well as in the 
course of prolonged anemia. Indeed, it may be caused by rapid emaci- 
ation from any cause, and also may occur in diabetes mellitus and other 
diseases running a rapid course. In these circumstances the fat from 
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the fatty deposits in the body is absorbed and conveyed by the blood to 
the liver, where, as the result of a deficiency in glycogen, it is not com- 
pletely oxidised to form metabolic products suitable for assimilation. 
Necrobiotic fatty changes in the liver, or fatty degeneration, are caused by 
the action of toxic substances on the protoplasm of the liver cells. These 
substances are conveyed from the intestine either by the portal vein or 
by the arterial blood through the general circulation. They consist 
chiefly in bacterial toxins produced in certain infective diseases (pyemia, 
septicemia, variola, etc.), and in gastro-enteritis, lupinosis and certain 
intoxications (phosphorus, arsenic, antimony, lead, phenol, alcohol). In 


Fic. 97.—Dysrropuic DEGENERATION OF THE LIVER IN TETRACHLORIDE OF CARBON 
POISONING OF A Doa. 


Blood effusions in the interlobular tissue (dark); fatty degeneration and necrosis in the 
lobules (clear). 


certain conditions, such as acute atrophy of the liver (q.v.), toxic sub- 
stances are produced in the liver tissue itself. 

Pathogenesis. According to the researches of Rosenfeld, both 
fatty infiltration and necrobiotic fatty degeneration of the liver are 
mainly or entirely due to the deposition of fat or fat-forming substances 
in the liver cells, derived from the food or from the fat depots of the body. 
In forced fattening, obesity, and in rapid emaciation not due to toxic 
substances, deposition of fat takes place in normal liver cells which can 
still perform their function, or in severe cases are impaired only as regards 
their nutrition. In necrobiotic fatty degeneration,-on the other hand, 
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there is a primary lesion of the protoplasm:of the liver cells whereby 
their capability to metabolise fats is impaired and the fat remains un- 
changed. Possibly an insignificant amount only becomes free and 
visible (fat phanerosis) through the decomposition of fat-protein com- 
pounds in the damaged protoplasm. ‘This process is promoted by 
deficiency of oxygen in cases of severe anemia, but more often by bacterial 
and chemical toxic substances. 

Pathological Anatomy. ‘The liver appears of a pale yellow or 
yellow ochre colour. It is usually uniformly enlarged, but in dogs the 
enlargement may be localised (in a case of Neyraud’s in a horse the 
liver weighed 14 kg., in Kitt’s case in a pig 14:8 kg.). On palpation 
it feels soft and fatty and leaves a fatty deposit on the knife when cut. 
Claussen observed in cattle focal fatty degeneration of the liver resembling 
necrosis. In necrobiotic fatty degeneration the liver is not much increased 
and may be reduced in size. 

Symptoms. Simple fatty infiltration can be assumed when, in the 
presence of possible causative factors, there is enlargement of the liver 
(increased liver dulness, palpability of the border of the liver) and symp- 
toms of other hepatic eons are absent. 

The presence of necrobiotic fatty degeneration may be suspected 
when icterus occurs in the course of severe general diseases (infective 
diseases, intoxications). Sometimes fatal cases occur unexpectedly as 
the result of internal hemorrhage due to rupture of the liver, especially 
in over-fed fowls and geese (Johne). 

Treatment. ‘Treatment depends upon the nature of the primary 
affection. 


4. Amyloid Degeneration of the Liver (Degeneratio 
Amyloidea Hepatis) 


(Hepar amyloideum, Amyloidosis hepatis) 


‘Etiology. Amyloidosis of the liver, like amyloid degeneration in 
general, develops as a rule as a secondary condition in prolonged ex- 
hausting diseases and suppurative processes (chronic pleuritis, chronic 
inflammations of serous membranes, protracted bronchial catarrh, 
chronic pneumonia and tuberculosis, chronic swine erysipelas, cancerous 
ulcers, chronic nephritis, chronic lymphangitis, and occasionally in 
occlusion of the bile ducts). It may also be caused by the action of 
bacterial toxins—for instance, in serum horses into which large quantities 
of bacterial cultures and bacterial toxins are introduced. Arndt and 
Doerken found amyloid degeneration in 56-7 per cent. of ninety serum 
horses, the spleen being affected in all cases, the liver in about 50 per 
cent., the adrenals in 25 per cent., the kidneys in about 14 per cent., 
but the intestine rarely. In these cases it is related to-the duration of 
treatment and the number of inoculations, and also the nature of the 
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antigen, as it is not usually seen in horses until they have been used for 
the production of serum over a period of about 8 months (in 39 of 51 
cases). In horses used for more than 16 months amyloid disease is usually 
present, and is always present after a period of 20 months. While 
Arndt and Doerken found tetanus immunisation most favourable for the 
production of amyloid disease in horses, Sipos found it frequently in 
serum horses inoculated with diphtheria, scarlatina and fowl cholera, 
and after the injection of toxins and cultures. 

According to Hjarre, the organs chiefly affected by amyloid degenera- 
tion are the liver and spleen in horses, fowls and cats, the kidneys in 
cattle and dogs, and in cattle also the adrenals, the liver and spleen less 
frequently. Occasionally cases of idiopathic amyloidosis are seen without 
the primary cause being discovered, especially in horses and dogs. ‘These 
cases are often observed in certain parts of Russia (in Moscow in about 
2 per cent. and in Kasan in 4 per cent. of horses brought to the knackers’ 
yards). i 

Pathogenesis. Amyloid (amyloid protein) must be regarded as a 
precipitated protoplasmic protein with swelling of the protoplasmic body 
of the cells of the walls of the bloodvessels, chiefly of the connective 
tissue cells and fibres of the adventitia. Possibly various products of 
protein metabolism, in conjunction with chondroitin-sulphuric acid, 
appear and are formed on the one hand from swollen protein basic sub- 
stance which gives no specific reaction, and on the other hand from the 
closely connected portion which gives the metachromatic reaction. 
Kuezynski regards amyloid as a weakly soluble peptone, rich in tyrosin, 
which is deposited through various processes in the body and undergoes 
prolonged protein decomposition, no longer regulated by cell metabolism. 
In such circumstances there is an accumulation of the products of protein 
cleavage in the body fluids, of which the weakly soluble become precipi- 
tated. Under natural conditions the basic substance is probably formed 
by various micro-organisms, which on account of their inherent toxicity 
influence the power of assimilation and cleavage of the body cells and 
also produce acidity. In this way is explained, on the one hand the 
_ occurrence of amyloid degeneration under the influence of the etio- 
logically produced lesions, and on the other hand the experimental 
production of amyloid in the different species of animals (dog, rabbit, 
guinea-pig, mouse, rat, fowl), both through repeated and continued 
injection of staphylococci and toxins of the B. pyocyaneus (Krawkow | 
and others), of a capsulated bacillus (Frank), of turpentine (Labarach), 
of pancreatin (Schefilewsky), and also through the parenteral or excessive 
enteral administration of casein and egg albumen (Kuczynski). The 
latter suggests a precipitating antibody reaction within the organ protein. 

Pathological Anatomy. In mild cases there is only slight enlarge- 
ment of the liver, which is rather pale in colour. In severe cases, however, 
the liver may be enlarged to three or four times its normal size. The 
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borders are then rounded, the capsule thickened, the colour yellow or 
greyish-yellow, and the lobules indistinctly marked. ‘The periphery of the 
lobules is pale greyish-red, the middle part pale brown or greenish-brown, 
or sometimes yellowish. ‘The liver in this stage 1s of dough-like con- 
sistence, or later friable. In birds the liver is granular and of brittle 
consistence. At the same time amyloid degeneration is found in other 
organs—spleen, kidneys, adrenals, intestine, and even in the skin. 

Histological examination shows the presence of amyloid deposits in the capillaries and in the walls 
of the bloodvessels of the peripheral parts of the lobules. ‘This condition gradually extends 
towards the centre till the divisions between the separate lobules are lost and a friable condition 
of the organ is produced. Deposits of amyloid were also found by Johne in the liver cells in a 
horse. 

Colour Reaction. ‘The presence of amyloid in the tissues is shown by the application of Lugol’s 
iodine solution, which in a few minutes produces a mahogany brown colour. ‘The further applica- 
tion of 2 per cent. sulphuric acid produces a violet to purple colour, methyl violet or gentian violet 


a ruby-red colour, methyl green a purple colour, and saffranin a yellow colour. ‘This metachro- 
masia is seen in the early stages of amyloid degeneration. 


Symptoms. An increase in liver dulness to percussion, or a smooth 
surface felt on palpation, should only suggest amyloid degeneration in 
the presence or antecedence of a disease which might lead to this con- 
dition. The clinical picture is obscured by symptoms of the primary 
disease, although digestive disturbances (loss of appetite, irregularity in 
defeecation, etc.), and also lassitude, emaciation and albuminuria, may 
be caused by amyloid disease itself. Amyloid liver rarely causes ascites 
and icterus, but may lead to rupture of the liver and internal hemorrhage. 

Treatment. Treatment must be directed to the primary disease. 


5. Rupture of the Liver (Ruptura Hepatis) 
(Hemorrhagia s. apoplexia hepatis) 


‘Etiology. Even in a healthy liver rupture may occur as the result 
of severe violence, as in jumping, severe vomiting, or from a fall or kick; 
through careless handling of laying hens, in cocks through excessive 
mating, sometimes from wedging of the body between railings, etc.; 
occasionally also through sexually psychopathic men. Injuries to the 
liver may also result from foreign bodies, and parasites (Pentastomum 
denticulatum in sheep, liver flukes and Cysticercus tenuicollis in ruminants 
and swine) are also sometimes observed. 

A more frequent cause of rupture is degeneration of the liver, in which 
even trifling causes may produce it (in fowls, difficult laying, being 
harassed by dogs or rough handling). In horses especially amyloid de: 
generation is a common contributory cause. Among the conditions which 
predispose to rupture are parenchymatous degeneration, fatty degenera- 
tion (especially in fowls), acute specific diseases (anthrax, purpura 
hemorrhagica, hemorrhagic septicemia, etc.), glanders and tuberculosis 
of the liver (the latter especially in birds), abscess, tumours (angioma, 
Sarcoma, carcinoma), and occasionally echinococci. Also inflammatory 
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processes, leucosis, blood stasis, embolic occlusion of the vessels and 
thrombosis of the portal vein may predispose to rupture. 

Pathological Anatomy. In rupture of the small bloodvessels the liver 
is permeated with punctiform hemorrhages. Older and somewhat larger 
hemorrhages may be found enclosed in a fibrous tissue capsule, sometimes 
calcified, or in the form of cysts containing sanious fluid. Sometimes the 
site of earlier hemorrhages is represented by cicatrices. In more severe 
hemorrhage there is destruction of the hepatic tissue and the formation 
of a large hematoma with ragged walls. At the same time the liver is 
increased in size and weight (in a case of Trasbot’s in a horse the liver 
weighed 33 kg.). After rupture of a large subserous hematoma. there 
are signs of intestinal hemorrhage and an eCoumuiaron of blood in the 
abdominal cavity. 

Symptoms. Small hemorrhages give rise to no symptoms. In 
more profuse bleeding the animal presents an anxious expression, the 
pulse is weak and rapid, the mucous membranes pale, the extremities 
cold. There is also slight colic (in horses), profuse sweating, muscular 
tremors and staggering gait. According to the degree of hemorrhage 
death may result after a period varying from a few minutes to ro hours. 
In a case of Fréhner’s in a horse roughness of the loops of intestine, 
apparently due to blood clots, was felt per rectum. 

Less profuse hemorrhage is manifested by weakness, rapid pulse, loss 
of appetite, and in some cases colic, icterus, slight constipation, difficulty 
and stiffness in walking, sometimes tenderness to pressure over the liver 
and increase in liver dulness (found in several cases in horses by Weber). 
In a case of the author’s marked swelling of the spleen. was caused by 
a hematoma in the vicinity of the portal vein. Such mild cases some- 
times recover, but may later undergo recurrent hemorrhage. Fowls 
present a condition of paralysis and anemia. 

Treatment. In all cases complete rest is necessary. A number of 
astringent drugs have been advised—e.g., ergotin, extr. hydrastis liqui- 
dum, adrenaline—but drugs which cause an increase of bloodpressure 
are actually contraindicated. 


6. Necrobiotic Degeneration of the Liver (Degeneratio 
Necrobio-hepatitis) 


(Dystrophic Degeneration of the Liver) 


Under this name are included certain diseases of the liver of frequent 
occurrence in domestic animals, which sometimes differ in their etiology 
and not infrequently appear enzootically. These affections are charac- 
terised by a gradual destruction of cells in the different stages of par- 
enchymatous degeneration. After their disintegration and absorption 
in severe cases the liver is reduced in size (acute degenerative yellow 
atrophy of the liver). Because of the decrease or abolition of the antitoxic 
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and metabolic functions of the liver other parenchymatous organs become 
involved and a condition of general hepatic intoxication results. 

‘Etiology. Necrobiotic processes in the liver cells may be produced 
by enterogenous, chologenous or hematogenous chemical poisons or by 
the toxins of micro-organisms, and probably also by irregular products 
of decomposition. 

In the primary forms the process develops independently of othies 
diseases. ‘Thus decomposing food material sometimes gives rise to” 
degeneration of the liver in the absence of any signs of intestinal catarrh; 
for example, after feeding on sour potato mash or sodden hay. It 1s 
often caused by the presence of vegetable poisons in some foodstuffs in 
common use. It has been experimentally shown that Senecio species 
(S. jacobea, S. latifolius, S. curchellii, S. teddalec) administered in daily 
quantities of 50 to 100 grammes may give rise in the course of 50 to 
125 days, or occasionally earlier, to an affection of the liver in horses 
and cattle, and that this may also occur under natural conditions in certain 
marshy regions of South Africa and Australia, where it may affect many 
animals (Robertson, Gilruth, Theiler and others). It has long been 
known that the lupins may have similar noxious effects (lupinosis, q.v.). 
In the neighbourhood of New Orleans in North America, according to 
Leonpacher, the leguminous food plant, Macuna utilis (‘‘ velvet bean ’’), 
is injurious to cattle in the winter months, especially when, after prolonged 
rain, the fallen fruit begins to germinate on the wet soil after ploughing. 
Again, according to Rickmann, the Geelziekte (yellow disease) of sheep 
which occurs in South-West Africa is caused by a toxic substance from 
a leguminous plant with a creeping stem, yellow leaves and pods 5 cm. 
long. Also the disease known in South Africa as acute atrophy of the 
liver in horses (acute staggers, Mal ziekte) is, according to Theiler, caused 
by the primary action of a toxic plant on the liver of animals rendered 
susceptible during the process of immunisation. [It is now considered 
probable that horse serum contains a principle which, when injected 
parenterally, is capable of rendering horses sensitive to the protein of 
certain forage plants.—Ep.] The hepatic dystrophy known popularly 

s “ blind staggers’ and “ alkali disease’ in North America, which is 
manifested by hemorrhagic enteritis and acute nephritis, is also an in- 
toxication of unknown origin. Reinemann and Jansen observed yellow 
atrophy of the liver after feeding with pea and vetch stalks and with 
green vetches, and a case of degeneration of the liver observed in Wiirtem- 
berg was attributed to vegetable intoxication. Ballot reported a case 
of degeneration of the liver in a dog caused by an excessive protein diet 
(acute protein hepatitis). 

Of the known chemical poisons, phosphorus causes necrobiotic fatty 
degeneration and atrophy of the hepatic tissue. Arsenic has a similar 
effect (and in man salvarsan occasionally causes this condition in asso- 
ciation with the Spirocheta pallida). With this observation may be 
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associated the fatal cases of necrosis of the liver sometimes observed by 
Hornby in cattle affected with trypanosomiasis after injections of anti- 
mony. ‘To this category also belongs central lobular necrosis of the 
liver in poisoning by carbon tetrachloride after treatment for helminthiasis, 
especially liver-fluke infestation. ‘This occurs chiefly in cattle and swine, 
and is sometimes seen in sheep and horses, and occasionally in puppies 
(ascaridiasis), especially when rapid absorption of the drug takes place, 
when this is not retarded by the addition of liquid paraffin, demulcent 
drinks, etc. [A more important preventive treatment consists in the 
administration of assimilable calcium compounds.—Ep.] The unfor- 
tunate results in these cases, and also after the administration of tetra- 
-chlorethylene, have their counterpart in the necrobiotic changes in 
the liver which occasionally occur after chloroform anesthesia in 
man. (Hare and Wright also observed similar changes after avertin 
narcosis in two out of twenty cats.) Similar results may follow the 
parenteral introduction of hemagglutinating, hemolytic and hepatolytic 
immune sera, as in puerperal hemoglobinemia of cows (Vol. III., p. 129). 

Necrobiosis of the liver may also occur as a secondary condition in acute 
infective diseases and in certain forms of gastro-enteritis. Also pustular 
demodicosis, endometritis in dogs, pericarditis in goats may form the 
basis of this condition. The cause of the sixty-three cases observed by 
Andersen in pregnant cows, and in six cows a few weeks after parturition 
by Petersen, remains unexplained. 

Pregnancy Toxemia. This disease, which is also known as_ hepatic 
dystrophy of pregnant ewes, pre-parturient eclampsia, twin-lamb disease, 
acidosis of pregnant ewes, was first definitely described by Steele (18g0). 
The disease is common in Europe, America, Australia and in South 
Africa, where it is known as domsiekte. 

Attiology. M’Fadyean first clearly described the disease as it. occurs 
in England, and Greig (1929) found that in pregnancy toxemia there 
occurs no reduction in the concentration of blood calcium, and was thus 
able to distinguish the condition from lambing sickness (milk fever in 
the ewe), with which it had long been confused (Vol. III). tiologically 
two factors are concerned: one connected with management and feeding, 
the other with twin or multiple pregnancy. As a rule the disease 
develops during the last 2 to 4 weeks of pregnancy in well-nourished 
ewes which are carrying twin or triple foetuses. In small flocks it is most 
commonly associated with certain conditions of management, especially 
when there is a sudden transition from poor to rich pasture, or when 
snow les on the ground and the sheep consequently do not take sufficient 
exercise. 

Pathology. Dimock, Healy and Bullard found that the urine is acid, 
contains a precipitate (presumably urates), acetone, albumin, and a 
markedly increased quantity of ammonia. An examination of the blood 
revealed a marked fall in the alkali reserve. 
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Recently Underwood, Curnow and Shier have shown that the livers 
of the lamb foetuses in cases of pregnancy toxemia have a high glycogen 
content while those of their affected mothers are almost entirely depleted 
of glycogen; the evidence suggests that the foetus receives requisite and 
even reserve glycogen supplies at the expense of the mother. Since in 
multiple pregnancies each foetus receives an adequate supply of glycogen 
it follows that in the case of a ewe pregnant with twins or triplets her 
liver glycogen content may fall so low that her carbohydrate metabolism 
breaks down and as a consequence there is a defective and therefore 
incomplete combustion of fats. 

On autopsy, fatty infiltration of the liver and kidneys is invariably 
present. ‘This condition is frequently found in healthy parturient ewes, 
but is particularly evident in the disease under discussion. 

Symptoms. ‘The affected ewe separates herself from the flock. ‘There 
is much depression of spirits. The head is carried in an unnatural 
position—it droops, is held to one side or carried very high, in which 
case there is usually disinclination to move. The gait becomes stagger- 
ing and uncertain, and later there is marked disturbance of vision and even 
apparent blindness, so that locomotion becomes blundering and erratic. 

The appetite is almost completely lost, and the intestinal peristalsis 
is sluggish, if not entirely suspended. Fine tremors appear over the 
head and neck, and may become general. The temperature 1s approx- 
imately normal. 

In the course of a few days the ewe is found unable to rise; she lies 
quietly; sensibility is obviously dulled; tympanites may be extreme and 
is accompanied by involuntary regurgitation of ingesta from the nostrils. 
Finally the animal becomes progressively comatose, and death usually 
results in the course of 1 to 6 days. ‘The mortality approaches go per cent. 

Treatment. Curative treatment is unsatisfactory. Mammary _in- 
flation appears to be without any beneficial effect. The intravenous 
injection of glucose, preferably combined with insulin (approximately 
2 grammes of glucose with each unit of insulin), may be tried. It has 
been noted that in those ewes which have lambed during the course of 
the disease rapid recovery followed parturition. 

Prevention. In many cases it appears that the incidence can be con- 
siderably reduced by exercise (driving the ewes slowly but continuously 
over a distance of 2 or 3 milcs daily). The feeding of substances rich in 
carbohydrates—e.g., sugar beet and molasses—also appears to be indi- 
cated as a preventive measure. 

Additional information on pregnancy toxemia is given in Vol. III. 


In cattle a similar dystrophy of the liver is occasionally observed in 
over-fed milch cows, and is known as coma hepaticum (G6tze). 

Hepatitis enzootica porcellorum, so-called, was first described by Semmer 
in Russia, and has since been observed in Germany and Hungary. 
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The disease has been attributed to various causes. Semmer, on the 
grounds of Nonewitsch’s findings, regarded it as a coccus infection, 
Braedel as connected with cysticercosis, and Seiler and Wolffhiigel as 
related to swine fever. However, Cohrs and Nusshag by systematic 
investigation showed that certain non-specific infective and toxic affec- 
tions could be caused by decomposing fish meal and also the addition 
of decomposing cod-liver oil to the food in the presence of derangement 
of the liver in certain animals, and consequently by the combined action 
of several causes. ‘The disease affects chiefly young sucking pigs, rarely 
older or adult swine, often developing in the first weeks or even the first 
days of post-natal life. This mode of appearance was connected by 
Nusshag with three periods of special susceptibility in sucking pigs, the 
first of which occurs in the first days of life, the second in the third to 
fifth week, and the third at the time of weaning—periods of life when there 
is a transition from foetal to post-natal existence, an addition of extraneous 
feeding to maternal nourishment, and finally complete weaning from the 
mother’s milk, all being periods of adaptation of the organism to other 
conditions of life. 

Pathogenesis. ‘The liver takes part in intermediate metabolism, 
chiefly by the action of certain ferments, as follows: It promotes the 
assimilation and disassimilation of proteins, produces a synthetic formation 
of sugar (glycogenesis) from non-carbohydrate material (proteins and 
possibly fats), and also causes the deposition of sugar, both synthetic and 
derived from the food, in the form of glycogen, from which it is again 
liberated by glycogenolysis as occasion requires. It also by oxidative 
changes causes the consumption of fat in metabolism, and finally exerts 
an oxidative detoxicating function in rendering innocuous the products 
of decomposition and infective materials derived from the intestine. 
In severe injury to the liver cells the function of the proteolytic ferments 
found by them ceases and is replaced by necrobiotic processes. According 
as the hepatropic influence is conveyed by the portal vein, or more rarely 
by the arterioles of the liver or the biliary passages, and also according 
to the functional condition of the different parts of the lobules at the time, 
the central part of the lobules is chiefly or exclusively affected, when 
there is a greater concentration of toxins conveyed by the portal vein 
in the region where the capillaries anastomose with those of the central 
vein. In other cases the periphery of the lobules is affected and there is 
less functional disturbance. 

Through the qualitative or quantitative action of powerful poisons 
such as phosphorus, arsenic, antimony, or through the action of the 
toxins of micro-organisms or of drugs, tetrachloride of carbon, etc., the 
parenchyma of the liver is severely injured and prepared for proteolytic 
autolysis. In the case of toxic action of only moderate severity a certain 
degree of susceptibility of the liver cells is necessary for the production 
of any considerable injury. According to Umber, this consists in a 
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deficient glycogen content of the liver cells, by which the liver, according 
to the degree of glycogen deficiency, is unprotected against various 
hepatropic influences. The basic causes of this glycogen deficiency 
include prolonged inanition, functional over-exertion, pronounced fatty 
degeneration of the liver produced by a diet rich in fats but poor in 
carbohydrates (restoration of glycogen through the food fat according 
to the existing antagonism between the two food principles); also the 
removal of considerable quantities of sugar from the body occurring in 
the increased function of the mammary gland at parturition, and some- 
times in advanced pregnancy. 

According to the nature and quantity of the noxious material the 
lesions produced vary from a slight degree of parenchymatous degenera- 
tion to necrosis. In the latter case the necrobiotic process may follow 
fatty degeneration of the liver cells as in phosphorus, arsenic, antimony 
or tetrachloride of carbon poisoning, or direct degeneration of the 
parenchymatous with nuclear changes as in acute yellow atrophy of the 
liver in man. In both cases the products of disintegration of the cells 
give rise to secondary changes in the form of round-cell infiltration and 
later to fibroplastic formation, while the reparatory processes in the 
biliary passages and connective tissue follow. 

As the result of the injury to the liver cells there is often an interference 
with bile secretion, in which both the separation of blood bilirubin and 
also the bile-producing function of the liver are reduced, resulting in an 
escape of bile pigments into the general circulation, partly because the 
affected liver cells possibly allow the bile pigment to escape into the 
lymphatic system (parapedesis), but chiefly because the disintegrated 
liver cells cause obstruction of the biliary capillaries and also by their 
destruction form multiple open communications between the biliary and 
the blood capillaries. The reduced detoxicating function of the liver results 
in hepatic intoxication, which is chiefly manifested in the nervous system. 

The intermediary disturbance of metabolism is manifested by hypo- 
glycemia after the failure of glycogen synthesis and glycogenolysis in 
the liver. Disturbances in protein metabolism give rise to accumulation 
of acid products of protein cleavage and of creatine, and also of amino- 
acids (leucin, tyrosin) 1n the liver and also in the blood, and in this way, 
as well as by the increased decomposition of fat due to hypoglycemia, 
lead to acidosis. ‘The presence of toxic substances in the blood, partly 
derived from the liver, gives rise to changes in other organs, fatty degen- 
eration and even necrosis, especially in the kidneys, heart muscle, and 
vascular endothelium. 

Pathological Anatomy. In mild cases, in which there is only 
parenchymatous degeneration, the liver is somewhat enlarged, with 
slightly rounded borders. On section it is dull and friable, the lobules 
are indistinctly marked, and sometimes permeated with small red foci and 
dark red areas of hemorrhage. <A similar condition is produced by the 
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presence of small foci of necrosis in the course of certain infective diseases, 
without any tendency to generalisation. 

In cases of medium severity, as in those caused by vegetable poisons 
(senecio, lupinus), the liver is considerably enlarged, of hard consistency, 
and presents signs of so-called nutmeg liver caused by dilatation of the 
central veins and a grey or yellow coloration of the lobules. In these 
cases microscopical examination shows dilatation of the central veins 
and of the intermediate veins and capillaries; also different degrees of 
parenchymatous necrobiosis and fatty degeneration, vacuolation and cell 
destruction in the trabecule, together with round-cell infiltration and 
a new formation of biliary passages. These changes are usually accom- 
panied by fatty degeneration in the heart muscle and kidneys. ‘The 
liver presents a similar appearance in tetrachloride of carbon poisoning. 

In severe forms, which correspond to acute atrophy of the liver, there 
is autolytic destruction of the parenchyma with absorption of the products 
of disintegration, resulting in atrophy of the liver. This organ is then 
of soft consistence and of a yellow-ochre colour, with hard red areas 
and sometimes focal hemorrhages, producing a mosaic appearance 
(especially in swine). Microscopically, the remaining liver cells show 
fatty degeneration, nuclear staining and nuclear atrophy. ‘The red 
areas seen macroscopically are found to consist of dilated and congested 
bloodvessels, with advanced cellular atrophy; sometimes smaller foci of 
hemorrhage and cell destruction can be seen. Other histological findings 
are cell infiltration in the region of the borders of the liver, epithelial 
degeneration in the biliary passages and proliferation of the biliary 
capillaries. ‘There is usually also fatty degeneration in the heart muscle 
and kidneys, and sometimes acute swelling of the spleen and lymphatic 
glands, gastro-intestinal catarrh, and hemorrhages in other organs. 

Acute liver atrophy in horses in South Africa is characterised by the 
commencement of necrosis in the centre of the lobules, so that the cells 
in the periphery of the lobules may be only slightly affected, while those 
in the centre are replaced by a homogeneous mass. Also, there is ad- 
vanced parenchymatous and fatty degeneration of the heart muscle and 
hemorrhagic infiltration of the endocardium and pericardium. 

In so-called hepatitis enzootica porcellorum, according to Nusshag, the 
macroscopic signs are as follows: The liver is at first usually enlarged, 
but in the later stages often contracted; at first reddish, then brownish- 
grey, yellowish-grey and finally clay-coloured. It is often permeated 
with punctiform, bright yellow or greyish-yellow foci, which may be 
isolated or grouped, and also by bright or dark red hyperemic points 
and hemorrhagic macule, forming a mosaic. ‘The macule soon increase 
to the size of the lobules and eventually coalesce to form streaks. The 
degenerative process generally commences in the centre of the lobules, 
occasionaliy affecting them uniformly and simultaneously, but much 
more frequently unequally and successively, so that some lobules remain 
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unaltered. Histological examination in old sows shows. transitional 
stages between simple cloudy swelling and complete necrosis, and also 
fatty infiltration in the peripheral liver cells. ‘These changes are of the 
same nature as those seen in acute atrophy of the liver in man, except 
that in swine no icteric changes are found. 

Symptoms. In the primary form the symptoms are indefinite, apart 
from the regular presence of jaundice. This, however, is by no means 
distinctive of liver atrophy, so that it is necessary to test for an increase 
of blood bilirubin, which indicates a deep-seated lesion of the liver cells. 
In dogs, cattle, sheep and horses there is often tenderness to pressure 
in the region of the liver and pain during defecation. In mild cases no 
other symptoms may be present, but in severe forms there are signs of 
hepatic intoxication manifested by stupor and prostration, sometimes by 
excitability and grinding of the teeth. In senecio poisoning there 1s 
severe diarrhoea with tenesmus and sometimes prolapse of the rectum, 
excitability, sometimes colic, often punctiform hemorrhages in the 
nictitating membrane, acceleration of the pulse rate (to 100 to 120), 
dark brown to red coloration of the urine, sometimes hemoglobinuria 
and albuminuria, stupor, propulsive movements and staggering gait. 

Acute Liver Atrophy of Horses in South Africa. According to Theiler, in cases 
of medium severity there is marked stupor, straining while leaning against 
the wall of the stall, and prolonged standing with the head pressed against 
the wall or other fixed objects. In more severe cases there is excitability 
rapidly increasing to mania, in which the animals try to run away or dash 
themselves against obstacles, when in the open attempt blindly to run over 
obstacles, and when in stall dash themselves about in abnormal positions and 
cause themselves severe injuries; sometimes they exhibit muscular tremors or 
chronic spasms and die in coma. These nervous disturbances are often 
preceded by icterus, and in the later course of the disease the pulse becomes 
rapid and weak. Hemoglobinuria is rare, albuminuria more common; also 
amino-acids (chiefly tyrosin) are found in the urine (in one case forming 11 
per cent. of the total nitrogen). ‘The duration of the disease averages 24 hours. 


Sometimes it is only 6 to 12 hours, and occasionally may extend to 2-or 3 
days. ‘The disease is afebrile. 


[There is reason to believe that this condition may be anaphylactoid in 
character.—ED. | 

The so-called coma hepaticum in cattle is manifested by fever, pain in 
the region of the liver, acute dyspepsia, circulatory disturbances followed 
by severe disturbance, of consciousness which may end in a comatose 
condition. ‘The prognosis is usually unfavourable. | 

The clinical symptoms of hepatitis enzootica porcellorum are indefinite, 
consisting in loss of appetite, prostration, stupor, diarrhoea, retraction of the 
hind quarters, often cough, sometimes convulsions, and also a squamous 
or papular eruption on the skin with cutaneous hemorrhages. In the 
early days of life death often occurs rapidly, afterwards not till after 2 to 
3 weeks or later. Nusshag observed in the majority of cases spontaneous 
recovery, occasionally with the persistence of nodular cirrhosis of the liver. 
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Diagnosis. Apart from jaundice, which is not always present, 
special attention should be directed to the conditions of feeding and 
housing, and in female animals to the existence of pregnancy or recent 
parturition; also to the results of examination of the region of the liver 
(tenderness to pressure, enlargement or shrinkage of the liver), the 
presence of digestive disorders and severe nervous symptoms, involve- 
ment of the kidneys, and when possible the presence of an increase in 
blood bilirubin. In puerperal liver dystrophy of sheep Shaw found a 
diminished excretion of Bengal red through the liver after intravenous 
injection to be useful in diagnosis (after the injection of 10 c.c. of a 
I per cent. solution of Bengal red and a 6 per cent. solution of dextrose 
not less than half the dye should disappear from the blood in 8 minutes). 
In the differential diagnosis gastro-enteritis, intoxications and encephalo- 
myelitis are concerned. 

Treatment. It is only in mild cases that any success can be expected 
from treatment. This consists in the administration of saline aperients 
and mild cholagogues, but comfort and careful nursing are of primary 
importance. 


The treatment of pregnancy toxemia in ewes is discussed at p. 378 


ang in: Vol. DLT 


7. Lupinosis 


This name is applied to a form of liver atrophy caused through the 
ingestion of various species of Lupinus in the fodder, and manifested 
by symptoms of intoxication, sometimes resulting in cirrhosis of the 
liver. 

‘Etiology. Among the various lupines used as fodder which have 
been found to be noxious are L. flavus, L. ceruleus and L. albus in Europe, 
eld d,-lntcus,. 1: angustifolius, L. polyphyllus, L. leucophyllus, and L. argenteus 
im America. ‘Phe poisonous properties of lupine plants appear to develop 
in certain years and in certain fields, usually directly after their planting, 
and only persist for a short time after their storage. Plants exposed to 
the rain or stored through the winter are non-poisonous. 

The animals usually affected by lupinosis are sheep, goats and cattle, 
_ rarely horses, as these seem to dislike the bitter taste. However, horses 
are susceptible to the disease and can be infected by the daily ingestion 
of about 4 lb. of lupine seed. 


According to Arnold, Kuhn and others, the lupine toxin can be extracted by alkalis (2 per cent. 
soda solution), and by this means the fodder can be rendered innocuous. ‘This toxin, which is 
, named icktrogen by Kuhn and lupinotoxin by Arnold, is only slightly soluble in water and is in- 
soluble in glycerin, alcohol andether. Itis not destroyed by drying at 190° C., but loses its patho- 
genic action on exposure to steam at 24 atmospheres. 

‘The lupine toxin is prepared according to Arnold as follows: finely ground lupines are made 
into a thin emulsion with 14 per cent. soda solution; after standing for 48 hours the emulsion is 
expressed at 40° to 50 © C. and the fluid evaporated in a water bath at 60° C.; after adding acetic. 
acid it is filtered; the filtrate is then treated with lead acetate solution and afterwards with sul- 
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phuretted hydrogen, evaporated at 50° C., and the semifluid remainder added to fifteen times the 
quantity of alcohol. In 24 hours the dried precipitate forms a brown, glistening, resinous mass, 
5 grammes of which caused symptoms of lupinosis in a dog. By further refining it can be obtained 
chemically pure with the properties of a protein substance. 

Kuhn and Liebscher have isolated the alkaloids sparteine and lupineine, and American observers 
(Black, Couch) lupanin, spathulatin and hydroxylupin from various forms of lupine. All these 
alkaloids cause transient excitability, muscular tremors, stupor, muscular paralysis, and later 
irregular and laboured respiration. ‘Their mode of action and slight absorbability, however, 
suggest that they are not the cause of lupinosis, but only give rise to nervous disturbances. 


Pathogenesis. ‘The lupinotoxin first affects the mucous membrane 
of the stomach and intestine, and after its absorption is conveyed by the 
portal vein to the liver, where it attacks the central cells of the lobules 
and gives rise to acute liver dystrophy with necrobiotic processes. At 
the same time it causes catarrh of the biliary passages, and also paren- 
chymatous degeneration or necrobiotic fatty degeneration in other 
parenchymatous organs and in the vascular endothelium. 

Pathological Anatomy. In acute lupinosis there occur cloudy 
swelling and fatty degeneration of the liver; the latter is flabby and easily 
torn, of a yellow colour, and sometimes permeated by red foci. At a 
later stage the liver presents the appearance of acute atrophy, and there 
is also parenchymatous and fatty degeneration of the kidneys, heart 
muscle and individual groups of muscles, catarrh of the abomasum, 
enteritis with hemorrhages, and occasionally cedema. 

In chronic lupinosis the condition is that of cirrhosis of the liver, often 
with fibrous contraction. (According to the experiments of Dobberstein 
and Walkiewicz on rabbits the latter condition occurs only after feeding 
with the seeds of yellow lupine, and originates in cell infiltration of the 
interstitial connective tissue, while the white lupine causes connective 
tissue proliferation in the centre of the lobules, giving rise to the condition 
‘of hypertrophic cirrhosis of the liver.) There are also effusions of fluid 
in the body cavities, chronic enlargement of the spleen and chronic 
nephritis. | 

Symptoms. In sheep the disease commences with decrease in 
appetite (especially for lupines), lassitude, debility and either excitability 
or stupor. The animals lie down frequently or stand with their heads 
lowered and drawn sideways, forwards or backwards, make purposeless 
masticatory movements of the jaws, grind their teeth or exhibit actual 
trismus. The temperature rises to 40° to 41:6° QC., shows marked 
remissions, and falls before death. Pulse and later respiration are 
accelerated. Icterus occurs in most cases, also retarded defecation, the 
feeces being covered with yellow mucus and later are tarry and blood- 
stained. The urine is dark yellow in colour and contains an abundance 
of albumin, bile pigments and bile salts, epithelial cells and renal casts. 

Occasionally there is an erysipeloid swelling of the skin of the head _ 
(especially about the ears.and nose), with exudation of a yellow, serous 
fluid which dries into scabs, and in some cases a purulent nasal dis- 
charge. 
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In horses the chief symptoms are loss of appetite, stupor and icterus, 
sometimes a yellow mucoid nasal discharge, erysipeloid or even gan- 
grenous inflammation of the skin of the ale nasi and lips, inflammatory 
cedema of the pasterns, also cerebral symptoms in the form of convulsions 
and loss of consciousness, and diphtheroid affections of the mucous 
membranes. 

Course. In severe acute cases death occurs in 3 to 5 days, but the 
disease in most cases lasts for 9 to 11 days. Ifa timely change of fodder 
is effected improvement may take place in 5 or 6 days, and complete 
recovery may follow, but the improvement is sometimes incomplete and 
the animals die later from cirrhosis of the liver and cachexia. 

Continued feeding with less poisonous lupines may result in chronic 
lupinosis, with anemia and cachexia, in which jaundice may be absent 
or only slightly marked, although sometimes dermatitis develops. 

Treatment. No antidote to lupine poisoning is known, but the 
absorption of the lupinotoxins may be retarded by the administration 
of acidulated drinks and their elimination accelerated by mild aperients. 
The most important measure is the immediate stopping of lupine fodder in 
the case of the affected animals, and the administration of washed, steeped, 
boiled or steamed lupine fodder to the unaffected animals. Such fodder 
can usually be rendered innocuous by repeated washing of its outer layer 
by rain, by 2 days’ steeping in 1 per cent. soda solution several times 
renewed, followed by drying or steaming under pressure of two atmo- 
spheres. By this method, as well as by feeding with lupine seeds which 
have been steamed, boiled or detoxicated with acidulated water renewed 
four to six times, the disease can be prevented. Less poisonous fodder 
may also be mixed with sound fodder in the proportion of 1 : 6 without 
danger. According to Cselko, sheep only rarely become affected when 
the lupine fodder is mixed. with soft laxative material (molasses, 
turnips). However, it is advisable to test a few animals with any 
new stock of fodder. 


8. Suppurative Hepatitis (Hepatitis Suppurativa) 
(Embolic hepatitis, Liver abscess) 


‘Etiology. Suppurative hepatitis is usually of metastatic origin, 
and caused by the entrance of pyogenic bacteria (usually streptococci, 
staphylococci, Bact. pyogenes, Bact. pyocyaneus, coli bacteria) into the liver 
by way of the portal vein or the arterial blood. (In an epizootic affecting 
sheep Pullar found a bacterium closely allied to the pseudo-tuberculosis 
bacillus.) These bacteria occur especially in cases of severe or ulcerative 
gastro-enteritis (enterogenous liver abscess of Joest), suppurative pro- 
cesses in the spleen, intestinal wall or mesenteric lymphatic glands, and 
in newly-born animals thrombosis of the umbilical vein (omphalogenous 


liver abscess of Joest). Pyogenic bacteria may also occur in the course 
VOL. II. 25 
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of strangles, ulcerative endocarditis and gangrene of the lung (in a case 
of Meyer in parotitis), and be conveyed to the liver. Infection may also 
be transmitted through the biliary passages by extension of necrosis or 
inflammation caused by gall-stones, foreign bodies (sand, ears of corn) 
or parasites to the hepatic tissue. 

Traumatic abscesses are most frequent in cattle, and arise from 
foreign bodies in the fore-stomachs (Bianchi found a liver abscess con- 
taining a needle in a calf fed exclusively on milk). Punctured wounds 
such as those resulting from goring, etc., may also cause traumatic 
abscesses when pyogenic bacteria are introduced into the liver. 

Suppuration frequently occurs in foci of dead echinococci or in 
tuberculous or actinomycotic foci, and formations resembling abscesses 
may develop by softening of a necrotic tissue resulting from nodular 
necrosis or from the action of mould fungi (Hoogland found this condition 
caused by Mucor pusillus in a pig). 

Pathological Anatomy. In metastatic hepatitis there are usually 
numerous abscesses in the liver the size of a nut, containing creamy or 
dry and crumbling pus, of a yellow, red or green colour and a fetid 
odour. In omphalogenous inflammation the abscesses are situated 
exclusively or principally in the left lobe of the liver, in accordance with 
the relations of the umbilical and portal veins to the hepatic circulation. 
In early cases the surrounding tissue of the liver shows parenchymatous 
degeneration, in older cases sometimes diffuse cirrhotic changes or 
permeation by connective tissue processes. Sometimes the liver is con- 
siderably enlarged (in a case of Warnecke in a cow it weighed 48 kg.). 
Superficial abscesses project more or less above the surface and present 
fluctuation. The serous membrane of the liver is coated with fibrin. 
Abscesses due to other causes are usually few in number. Traumatic 
abscesses are generally single and may attain a great size (in a case of 
Felisch the largest diameter was 20 cm.), when they bulge considerably 
and form adhesions with the diaphragm, stomach, colon or vena cava. 
Sometimes they rupture and give rise to extensive peritonitis. 

Symptoms. Single and even multiple small abscesses may cause 
no symptoms, or they may give rise to a moderate degree of emaciation. 
In severe primary infections the symptoms are completely masked by 
those of the primary disease. Primary abscesses, when not of too slow 
development, give rise to nutritional disturbance, continued or inter- 
mittent fever, sometimes an increase of indican in ihe urine, symptoms 
of internal suppuration manifested by icterus and bilirubinuria, indicating 
hepatic suppuration. 

A certain diagnostic importance attaches to circumscribed or general 
enlargement of the liver dulness (carnivora, ruminants), and also to a 
bulging of the lower costal region (carnivora), and in all animals to 
pressure sensibility in the region of the liver. Mouilleron and 
Chauffard observed extensive liver dulness in a horse, Hoffmann found 
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dulness of the lower third of the thorax associated with temporary rises 
of temperature suggesting pleuro-pneumonia, and Griffault, in horses 
in tropical regions, observed pressure tenderness in the liver region, 
painful defeecation, cough, congestion of the veins of the lower abdomen, 
dropsy, sometimes fever, and palpable enlargement of the liver which 
could be felt under the right costal arch. For the localisation of the seat 
of the abscess Griffault recommends exploratory puncture in the sixteenth 
to seventeenth intercostal space on the right side directly below the 
costal arch. In cattle symptoms of traumatic gastro-peritonitis are 
sometimes observed, consisting in digestive disturbance, rapid respiration, 
and moaning on movement. In Beek’s case in a cow rupture of a liver 
abscess into the bronchi was manifested by the sudden discharge of fetid 
pus from the nose, accompanied by dyspncea. 

Treatment. Medicinal treatment is useless, the only treatment 
with any prospect of success being surgical interference by puncture or 
incision in cases definitely diagnosed. 


In performing this operation on a horse Griffault makes an incision directly below the right 
costal arch through the abdominal wall to the peritoneum, sutures the latter to Glisson’s capsule, 
then divides the peritoneum within the area sutured, together with the abscess wall, evacuates 
the pus, washes out the abscess cavity and drains it. Of four cases operated upon two recovered. 


9. Nodular Necrosis of the Liver (Necrosis Nodosa Hepatis) 


This consists in the formation of tumour-like, dry nodules in the tissue 
of the liver which undergo gradual softening. 

fEtiology. This affection, which is frequent in cattle, but rarely 
observed in sheep, and still more rarely in horses, swine and dogs, is 
caused by Fusiformis necrophorus. Occasionally it is associated with foci of 
necrosis, different in appearance due to other bacteria, as in chronic 
swine erysipelas (Eisemann), in connection with micrococcal infection 
(M’Fadyean), pyogenes bacterium (Joest), and in swine in association 
with anthrax (in this case hemorrhagic necrotic foci). 

The necrosis bacillus usually enters the liver by way of the portal 
blood from the intestine (sometimes without visible changes in the 
mucous membrane), in new-born animals by the umbilical vein (also 
enzootic cases), in cows, according to Brandt, also from the affected 
uterus (observations on fifteen cases before or after calving). In some 
cases the ingestion of dusty and mouldy fodder, or confinement in dusty 
and mouldy pens, has been connected with infection by the necrosis 
bacillus (observed by Berndt in sheep). 

Pathogenesis. The necrosis bacilli usually become blocked and 
form emboli in the smaller branches of the portal vein, sometimes in the 
hepatic arteries, and then penetrate the vascular wall into the surrounding 
tissues, where they form numerous bundles of filaments arranged radially 
in the peripheral area of the lobules, but become gradually destroyed 
in the centre. Through the effect of their toxins the hepatic tissue 
undergoes necrosis, when partly by its action as a foreign body and 
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partly by the action of its products of decomposition, together with the 
bacillary toxins, it produces a reactive inflammation in the surrounding 
tissue. 

Pathological Anatomy. The enlarged liver, which may be of 
normal or yellow colour, presents nodules on its surface varying in size 
fiom a pea to a pigeon’s egg. On section these nodules present numerous 
sharply defined, hard, round, yellowish-brown or clay-coloured foci. 
The capsule of the liver overlying the nodules is thickened and coated 
with a fibrinous deposit. Some nodules may be soft and covered with 
pus-like masses. There is often secondary sero-fibrinous peritonitis, 
most marked in the region of the liver. 

In cases of longer duration the nodules consist of a dry necrotic 
nucleus, a layer of softening and a capsule of granulation tissue. At a 
still later stage they consist of a connective tissue capsule about 3 mm. 
thick enclosing pale yellow detritus. 

Symptoms. In cattle, according to Berndt, the symptoms consist 
in diminished appetite, high temperature, debility, and pain in the region 
of the liver. After 3 days the animals become very weak and lose their 
appetite entirely, the abdomen is tender to pressure all over, the tempera- 
ture falls, icterus appears, and death soon follows. ‘The duration of the 
disease is 3 to5 days. In two cows Otto observed a condition resembling 
uterine paresis. In the case of isolated foci of necrosis and in cases of 
less rapid development the symptoms are milder or absent. In a byre 
enzootic observed by Miessner and Bartels there occurred cases of broncho- 
pneumonia, enteritis, catarrhal mastitis with cutaneous necrosis, and also 
panaritium and abortion, either fer se or in conjunction with hepatic 
necrosis. . 

Diagnosis. The presence of pressure tenderness in the liver region, 
together with jaundice and peritonitis (diffuse tenderness of the abdomen, 
high temperature and prostration), indicate nodular necrosis of the liver, 
when no suppurative process is discovered in the organism and when 
these symptoms occur in pregnancy or after calving. There is, however, 
considerable difficulty in establishing a definite diagnosis and in excluding 
purulent and pseudo-tuberculous hepatitis. | 

Treatment. This has hitherto proved useless, and slaughter of the 
affected animals is advisable. 


10. Cirrhosis of the Liver (Cirrhosis Hepatis) 
(Hepatitis interstitialis chronica s. fibrosa s. indurativa) 


Cirrhosis of the liver arises from an extensive but irregular prolifera- 
tion of the interstitial tissue, associated with atrophy of the liver cells - 
and tissue proliferation of the biliary passages. In this process the newly- 
formed connective tissue, by the retarded formation of true collagenous 
fibres, remains for some time or even permanently free from contraction 
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and the parenchymatous tissue is also only atrophied in parts (cirrhosis 
hepatis hyperplastica s. hypertrophica). In other less common’ cases 
fibrous transformation and contraction of the connective tissue occurs 
early and results in shrinkage of the liver and pronounced parenchymatous 
atrophy (cirrhosis hepatis atrophica). 

Incidence. The disease occurs chiefly in swine, sheep, cattle and horses, 
and in certain regions enzootically in connection with certain conditions 
of the soil or after infestation with parasites. Sporadic cases are also 
commonly observed (Kiihtz observed the condition in a canary and Brieg 
in chickens). 

The form known as Schweinsberg disease was first observed in Ohmtal (Hesse) and later in 
certain parts of Bavaria, especially along the course of marshy streams flowing into the Danube, 
and also in certain regions of the Rhine. In these districts the disease was more common in some 
years than in others and affected imported horses more frequently than the indigenous. A similar 
affection was observed in Ireland by Craig and Keho2 and also in Southern Bohemia (Kral and 
Engelhardt). In South Africa, a sporadic infective disease occurs in horses and cattle known as 
* stomach stagger,” in Natal as ‘‘ Dunsiekte.’’ In New Zealand it is known as ‘‘ Winton disease,” 


in Nova Scotia “‘ Picton cattle disease,’ in South Dakota “‘ bottom disease,” and on the west 
coast of North America “‘ walking disease.” 


Etiology. In the etiology of primary cirrhosis of the liver toxic 
substances play an important part (cirrhosis toxica), especially the 
exogenous or heterogeneous toxins of certain food plants growing in 
marshy districts. ‘This is the origin of the so-called Schweinsberg disease 
in horses after feeding on marshy or frequently inundated pastures, or 
on fodder grown on these places. Schlegel and Adelmann, however, 
suggest the possibility of infestation by migrating Strongylus larve. 
Stroh and Ziegler, and also Oppermann, regard the disease as a late 
stage of infectious anemia which is prevalent in the same regions. 

The etiological importance of certain vegetable foods, in light of our 
knowledge of chronic lupinosis, cannot be disregarded. In fact, cirrhosis 
of the liver has been produced by continued feeding with several forms of 
Senecio (S. jacobea, S. latifolius, S. burchellt) in New Zealand, North 
America and South Africa in cattle and horses (Gilruth and others), 
and also by feeding with Crotalaria (Theiler). Cirrhosis of the liver was 
also observed by Guittard in fattening geese after continued feeding 
with maize. Hyjarre and Carlstrém attributed a case of cirrhosis of the 
liver in a horse in Sweden to prolonged feeding on Trifolium hybridum, 
while Jarmai observed many cases in 4-months-old pigs after feeding 
with oil cakes. 

The atrophic cirrhosis of the i common in alcoholics may also 
occur in animals after continued feeding with distiller’s wash or hog 
wash. In such cases, however, the toxic effect may be due to the occur- 
rence of changes during storage, or to the absorption of products. of 
decomposition from the intestine resulting from digestive disturbance. 
Baumgarten and others failed to produce cirrhosis by pro'onged sub- 
cutaneous injection or oral administration of alcohol. On the other 
hand, it is true that Lissauer by this means produced typical cirrhosis 
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of the liver in rabbits, and Joest observed the same effect in two dogs 
after their receiving large doses of beer for a long period. 

In some cases the disease is caused by damaged, mouldy or fermenting 
foodstuffs. Thus, Tschauner found cirrhosis of the liver in 13 of 350 
pigs slaughtered by innkeepers and brewers, but only 3 cases in 5,700 
country pigs. In the former case the animals were fed on so-called 
sour drink (washings, food garbage, potato peelings mixed with beer 
dregs, stored in barrels in which it fermented). In these cases the 
quantity of alcohol present must have been insufficient to constitute the 
principal cause. 

In other cases endogenous toxic substances are concerned (auto- 
intoxication), especially in digestive disturbances in which toxic products 
of decomposition are formed (dyspeptic cirrhosis of the liver). In a case 
of Begeng in a cow cirrhosis occurred in connection with chronic gastric 
catarrh. Krawkow and Lissauer produced liver cirrhosis in experimental 
animals by the administration of broth prepared from putrid horse flesh, 
Boix in 6 to 8 weeks by the subcutaneous injection of monobasic fatty acids, 
which may be also the result of abnormal fermentation in the stomach 
and intestine. De Raadt attributes the frequent occurrence of liver 
cirrhosis in indigenes in the Dutch East Indies to an excess of ammonia 
produced from the intestine in some cases, in other regions to digestive 
disturbance directly due to alcohol. A radical change in fodder produces 
similar results, as in Charlow’s experiments with hen’s eggs and cow’s 
brain, and in those of Martin and Pettit with milk powder in rabbits. 
Cirrhosis of the liver may also be produced by inunction with coal tar 
(Davidson) and petroleum (Leitmann) in rabbits, and by the internal 
administration of tetrachloride of carbon in dogs (Lamson and Wing). 

Bacteria may also play a part in the etiology (cirrhosis hetero- 
infectiosa). Thus Joest, by continued injections of the Pasteurella suiseptica, 
produced a condition in the liver resembling both clinically and ana- 
tomically Schweinberg’s disease. In the same way lobular forms of 
cirrhosis of the liver were sometimes observed at the Dresden abattoir 
in cases of swine fever. As in man, cirrhosis of the liver may develop 
in the course of tuberculosis without specifically recognisable macro- 
scopic changes (of fifty observations in horses, cattle, dogs and guinea-pigs 
by Cadiot and Gilbert this condition was found in seven cases). Ejisen- 
mann observed chronic hepatitis in- connection with chronic swine- 
erysipelas, and post-infective chronic hepatitis may occur after other 
infective diseases. Lastly, in some circumstances intestinal bacteria and 
their toxins may reach the liver by way of the biliary passages or the 
portal circulation (cirrhosis auto-infectiosa). 

Secondary cirrhosis may occasionally follow acute atrophy of the liver. 
According to Rossle and Eppinger it sometimes develops in man from 
toxic oedema in severe infections and intoxications, in which necrotic 
and parenchymatous degeneration and injury to the walls of the capillaries 
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lead to a new formation of connective tissue. In animals secondary 
cirrhosis is most frequently caused by the action of animal parasites 
(liver fluke, Cystzcercus tenuicollis, strongyloides, gnathostoma, and, accord- 
ing to Claussen, probably larve of parasitic worms of the lung and also 
coccidia). Schlegel and Adelmann also regard Schweinberger disease 
of horses as the result of intestinal strongylosis (positive result obtained 
by feeding with trichonema larve), and Kral the so-called Zdar disease 
as. due to trichinosis. In all these cases the connective tissue formation 
is caused partly by the destruction of the hepatic tissue in many places 
and partly by the action of the toxins of the parasites. Petrow found in 
a cow cirrhosis around the central veins, due to localisation of the ova 
of Bilharzia (Schistosomum) in these veins. 

In chronic cholangeites the process extends from the inter- and intra- 
lobular biliary passages to the framework of the liver and gives rise to 
connective tissue hyperplasia resembling the condition sometimes seen 
in suppurative or tuberculous foci. Prolonged blood stasis may also 
give rise to central cirrhosis by connective tissue hyperplasia and also 
thrombosis of the portal vein. 

Pathogenesis. Lesions produced through the portal vein develop in 
the region of the terminal branches of the portal system in the peripheral 
parts of the liver lobules or in the centre of them, while toxic material 
and bacteria conveyed by the hepatic arteries affect the interlobular tissue 
in the same way as when conveyed through the biliary passages (cirrhosis 
biliaris s. cholangioitica). ‘Toxic material may penetrate the capsule of 
the liver and reach the subserous and interlobular tissue by the lymphatics. 
Migrating parasites also give rise to pathological changes in the liver, 
and their toxins are carried by the lymph to other parts of the organ. 
According to the nature of the process and the affinity of the individual 
constituents of the hepatic tissue there develops either a primary degenera- 
tion of the parenchyma with secondary proliferation of the connective 
tissue and biliary passages, or a primary irritation of the matrix with 
increased formation of connective tissue and secondary parenchymatous 
atrophy. In this way the process may begin in individual lobules or 
groups of lobules (cirrhosis annularis) in the form of islands (cirrhosis 
insularis) or uniformly (cirrhosis lobaris). 

Pressure with occlusion of many branches of the portal vein and 
capillaries produces congestion in the portal circulatory system by 
reduction of the total transverse section of the blood supply to the liver, 
and the consequent increase of pressure in the portal system is still further 
increased by the narrowing of the capillaries remaining patent due to 
atrophy of the lobules, and possibly also by the increase of blood 
supplied by anastomosing branches of the hepatic arteries. At the 
same time biliary stasis is produced by pressure on many of the biliary 
passages, especially in certain forms of biliary cirrhosis. Another factor 
of importance is atrophy of the liver cells, which in an advanced stage 
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causes a decreased secretion of bile, and also a disturbance of metabolism 
by interfering with the detoxicating function of the liver, giving rise to 
auto-intoxication which is sometimes fatal even before definite stasis has 
developed in the area of the portal system. Partly through pressure of 
the enlarged liver on the stomach and partly through interference with 
the circulation of the blood in the gastro-intestinal canal and in the 
pancreas, digestive disturbances are produced with a reduction in in- 
testinal absorption. According to Theiler, the dilatation of the stomach 
which occurs in certain forms (seneciosis) is due to paralysis of the vagus 
fibres of the parasympathetic caused by the action of toxins. In focal 
distribution of the cirrhotic changes back pressure on the portal circulation 
may cause a complete suspension of digestion and metabolism. According 
to the investigations of Dobberstein and Heidegger, after great loss 
of parenchymatous tissue neurotoxic poisons from the alimentary canal 
and from products of metabolism are conveyed to the brain, where they 
cause extensive degeneration of the glia cells, changes in the Nissl tigroid 
bodies, degeneration of the medullary sheaths, followed by phagocytosis 
and a proliferation of small nucleated glia cells with partial transformation 
into granular cells. 

Pathological Anatomy In atrophic cirrhosis (known in human 
medicine as Laénnec’s cirrhosis) the liver is dense and hard, eventually 
of a leathery consistence, and grates under the knife. At first it 1s 
enlarged, but later reduced in size, when it may be only half its normal 
weight. Its surface is uneven and finely or coarsely granular (cirrhosis 
granularis), and in dogs usually studded with protuberances the size of 
a hen’s egg (cirrhosis tuberosa); in swine often lobulated as the result 
of contractions (lobulated cirrhosis). The serosa is thickened in places 
and the borders sometimes formed only by the two superimposed layers 
of the serosa. On section the lobules appear as fine granules projecting 
from the pink or grey-coloured connective tissue ground substance which 
forms a wide network between the groups of lobules and also between 
individual lobules. As the result of fatty degeneration or deposition of 
pigment the liver cells contain granules or nodules of a pale or bright 

yellow colour, sometimes of a greenish tint, which at a distance give a 
_ yellow colour to the whole organ (hence the name cirrhosis from KLp pos = 
yellow). Fatty degeneration is found especially in dog’s liver, in which 
it is clearly marked. In Schweinsberg disease, according to Kitt, the 
liver is at first enlarged, purple, reddish-brown or grey in colour, uneven 
on the surface, and friable in consistence. Later it presents the appear- 
ance of granular atrophy. 


The form of atrophy of the right lobe of the liver seen in old horses is manifested by thickening 
of the capsule and transformation of the hepatic tissue into a sclerotic mass, in which the affected 
lobe appears as a thin tongue-shaped appendage attached to the two unaffected lobes. According 
to Blanc, the atrophy is due to deficient blood supply of the right lobe, from which the efferent 
branch of the portal vein passes almost at a right angle; according to Garnier it is caused by the 
passage of infectious material from the adjacent colon through the capsule of the liver. 
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Local cirrhosis of the liver (hepatitis interstitialis chronica multiplex) 
occurs in chronic anthrax of swine, after invasion by animal parasites, 
and also from the entrance of toxic material into the blood. The 
liver is usually normal in size and contains numerous rounded, 
hemispherical or spherical, grey foci, reticular in formation. and 
outline. These foci are sometimes retracted and partially confluent. 
Internally they often contain a small cavity filled with detritus, 
within which is an animal parasite or its remnants. Eosinophilia is 
often pronounced, and is attributable to an intoxication, but may also 
occur in anthrax. 

In hypertrophic or hyperplastic cirrhosis, which is more frequent, the liver 
is enlarged, smooth or slightly granular, and yellow or greenish-yellow 
im colour. ~ lis, weight <i horses: may be 20 ke; in-cattle ‘15 to 20 ke. 
(The form of biliary hyperplastic cirrhosis without obstruction of the 
biliary passages, which occurs in man and is sometimes known as 
Hanot’s cirrhosis, commences in the interlobular tissue and extends to 
the intralobular connective tissue, and sometimes appears to arise from 
the central veins.) 

In addition to the changes in the liver there is often congestion in 
the area of the portal vein and icterus, and in Schweinsberg disease and 
Dunsiekte almost always catarrh and dilatation of the stomach. 


Congenital enlargement of the liver, which is often observed in young calves in the first 2 weeks 
of life, is designated by Ruppert as “ giant liver of calves,” by Pick as hyperplastic fibrosis of the 
liver, and by StenstrO6m as hypertrophic or biliary cirrhosis. According to Joest, however, it is 
a congenital overgrowth chiefly affecting the periportal matrix, due solely to a developmental 
disturbance. In this case the liver may weigh 3 to 6 or even 12 kg. It has rounded borders, 
a smooth surface, hard consistence and grey colour; sometimes it presents a rough appearance 
due to the presence of multiple grey foci and cysts the size of a pea with clear contents. Apart 
from icterus no symptoms are observed, and such cases are often slaughtered as fattening calves. 


Symptoms. ‘The disease develops insidiously (in Kral’s cases after 
an incubation period of 1 to 12 months), and is manifested at first by 
indefinite digestive disturbances, with a variable appetite, chronic gastric 
catarrh, and often yawning and vomiting (observed by Moens also in 
horses). Either constipation or diarrhoea may be present, and in horses 
there is sometimes colic resulting from the ingestion of large quantities 
of rough fodder, straw, etc., which cause dilatation of the stomach. In 
cirrhosis in cattle due to senecio poisoning there is often severe diarrhoea 
with tenesmus and sometimes prolapse of the rectum. In horses there 
- are also symptoms resembling “ staggers,” which also occur in Dunsiekte, 
and in some cases compulsive movements. The mucous membranes are 
pale and sometimes icteric, and in Schweinsberg disease injected. In 
‘walking disease”? small ulcers are usually present on the mucous 
membrane of the lips, and the animal performs licking and sucking move- 
ments with the lips and tongue, as in pica. In the later course of the 
disease the animals become emaciated and weak, and in horses asthmatic 
signs are observed. 
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The enlargement of the liver only exceptionally reaches such a degree 
that in horses, carnivora and swine the infracostal region on both sides is 
distended; in ruminants the enlargement may extend to the anterior 
angle of the right flank. Occasionally the enlarged liver can be felt per 


Fic. 98.—INcREASE OF LIVER DULNESs IN CIRRHOSIS IN A HORSE. 


The white line indicates the area of dulness, the dotted line the costal arch, and the figures 
the numbers of the ribs. (The liver weighed 19:7 kg.) 


rectum as a hard swelling situated against the abdominal wall near the 
last rib, movable with respiration. In ruminants the finger pressed 
inwards in the anterior angle of the right flank depression will detect the 
enlarged liver moving synchronously with respiration. In carnivora and 


4: §& Fic. 99.—IncREASE OF LivER DULNESs IN CIRRHOSIS IN A COw. 


A, Normal liver dulness; B, increased liver dulness. ‘The dotted line indicates the{costa! arch, 
the figures the numbers of the ribs. (The liver weighed 14:6kg.) 


in emaciated pigs the movable liver can be felt on both sides; in calves 
and small ruminants directly below the right costal arch. Occasionally 
the liver is sensitive to pressure, and in this case the-animal moves slowly 
and cautiously. 
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The liver dulness is increased mostly in carnivora, ruminants and 
swine, and in severe cases also in the horse. In carnivora (Figs. 100, 101) 
it usually reaches the umbilical region. In ruminants it varies according 
to the filling of the fore-stomachs and intestines (Fig. 99), extending 
caudo-ventrally sometimes below the shoulder line and caudally to the 


Fic. 100.—INCREASE OF LIVER DULNESS IN CIRRHOSIS IN A Doc. 


H, Area of dulness extending to the umbilical region and extending forwards to the normal heart 
dulness; C, the dotted line indicates the costal arch. (The liver in the medium-sized 


dog weighed 3 kg.) 


anterior portion of the depression of the right flank. In the horse (Fig. 98) 
an area of dulness appears behind the boundary-line on the right side 


Fic. 101.—INCREASE OF LIVER DULNEss IN CIRRHOSIS IN A DOG, SHOWING THE 
RicuHtT SME OF THE ANIMAL IN Fic. 100. 


rom the tenth to seventeenth intercostal spaces, and ventrally to the 
costal arch, while on the left there is only a small area of dulness in 
the eighth to tenth intercostal spaces below the border of the lung. 

In cases of atrophic cirrhosis of the liver the reduction in size may 
be indicated by a diminished area of dulness; in small animals, when 
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the liver can be palpated under the costal arch, it presents a hard 
consistence and uneven surface. 

In dogs ascites is not uncommon, and may be accompanied by 
cutaneous cedema. tie ee 

Concomitant enlargement of the spleen in carnivora and in emaciated 
swine can be detected by external palpation, and in horses by rectal 
examination. 

Icterus is frequently observed in cattle, and towards the termination 
of the disease in a severe form; in other animals it is usually a late 
symptom and is generally less marked. 

The urine is of high specific gravity, dark in colour, and contains a 
reduced amount of urates, but sometimes albumin, sugar and _ urobilin, 
which, together with the presence of bile pigments in the blood, is of 
special diagnostic importance (Wester). 

Towards the end of the course nervous symptoms usually appear 
(liver staggers), such as stupor and lethargy. In Schweinsberger disease, 
senecio cirrhosis and Dunsiekte nervous symptoms may appear early and 
in a severe form, consisting in vertigo, unsteadiness of gait, straining 
forward with the forehead pressed against a wall, stupor and lethargy. 
Dobberlein found in two cases affecting horses marked atrophy of 
ganglion cells, degeneration of the medullary sheath, transformation of 
glia cells into granular cells, and also a formation of large pale granular 
glia cells in association with clinical symptoms presenting a marked 
similarity to Wilson’s disease, or pseudo-sclerosis, in man. 

Course. This extends over several months, and in Schweinsberg 
disease averages 6 to g months. Nutrition is much impaired both by the 
liver affection itself and by interference with digestion and assimilation. 
Emaciation and anemia are always pronounced; at a later stage dropsy 
is common and there are sometimes hemorrhages in the skin and mucous 
membranes and also in the stomach and intestine. Sudden death some- 
times occurs from rupture of the liver or of the dilated stomach. 

Diagnosis. In regions in which the disease is of enzootic occurrence 
the characteristic digestive disturbances suggest the presence of a chronic 
form of hepatitis, which in the later course of the disease is confirmed 
by the occurrence of persistent icterus, enlargement or hardening of the 
liver, ascites, enlargement of the spleen, and nervous symptoms. On 
the other hand, sporadic cirrhosis of the liver can be recognised by the 
presence of the local conditions which led to it. When ascites is present 
the fluid should be removed by puncture to enable an examination of 
the liver to be made. In cirrhosis of the liver in the horse caused by 
trichonema worms Heran found the production of an allergic reaction 
to be useful in diagnosis. For this purpose an extract (cylicostomin) | 
was obtained’ from the trichonema (cylicostomum), the subcutaneous 
injection of which produced a thermic reaction with a rise of temperature 
and also an organic reaction (rigors, alternate lifting of the hind 
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feet, restlessness and colic), but in healthy animals produced no effect. 
A definite distinction between the hyperplastic and atrophic forms of 
cirrhosis can seldom be made; apart from any demonstrable change in 
form of the liver and an increase of liver dulness, ascites and enlargement 
of the spleen point to the atrophic form, pronounced jaundice to the 
hyperplastic form. 

The presence of large hard nodules in the liver accompanied by more 
rapid and severe emaciation points to carcinoma of the liver, which is 
confirmed by the presence of a primary growth in another organ (mam- 
mary gland, intestine, pancreas, lung) or of a metastatic tumour in the 
lung. In amyloid degeneration the liver is uniformly enlarged, smooth, 
and of medium density; ascites is absent or is present only when associated 
with other hydremic symptoms, and in a certain proportion of cases the 
existence of pathological processes which give rise to amyloid disease can 
be discovered. Ecchinococcosis of the liver is distinguished by the 
presence of large, palpable, elastic or fluctuating protuberances in the 
enlarged liver, and the absence of severe digestive or nutritional disturb- 
ances. In special cases the diagnosis may be confirmed by exploratory 
puncture or by the complement-fixation test. Peritonitis or ascites may 
also give rise to similar distension of the abdomen, but can easily be ex- 
cluded by the horizontal limitation of dulness and the absence of enlarge- 
ment of the liver. Leukemic or pseudo-leukemic enlargement of the 
liver is recognised by the co-existence of other leukemic or pseudo- 
leukemic symptoms (symmetrical enlargement of the lymphatic glands, 
leukemic blood findings). 


Treatment. This consists, in the first place, in removal of the 
probable cause and in suitable regulation of the diet, with exclusion of 
sour, damaged forage and irritating foodstuffs. Generally, a change of 
fodder is advisable, and when possible a change of pasturage. Marked 
reduction in the incidence of hepatic cirrhosis has been effected by 
attention to field drainage and consequent improvement in the quality 
of the pastures. In one district of Bavaria beneficial .results followed 
temporary transference of horses of 6 years of age and upwards to non- 
affected regions. Giulruth reported favourable results in North America 
in trichonema infection in horses from treatment with oleum chenopodii 
and feeding with roughage. On the whole, however, medicinal treat- 
ment is unsatisfactory, apart from the administration of mild saline 
aperients. Ascites should be treated with diuretics, or preferably by 
puncture. In congestion of the liver a reduction in size can sometimes 
be effected by cardiac tonics. Imminger recommends intratracheal 
injections of Lugol’s solution (not confirmed by others), Lutzenberger 
subcutaneous injections of 25 per cent. oleum iodisatum (B.P.) 
(50-gramme doses). 
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11. Cancer of the Liver (Carcinoma Hepatis) 


Incidence. Cancer of the liver is rare in domestic animals, and is 
most frequently found in adult cattle (Trotter found it in 0-3 per cent. 
of 39,704. slaughtered animals) and in old dogs. 

Pathological Anatomy. According to Joest, primary cancer of 
the liver is comparatively more common in animals than in man (41:7 
per cent. of the cases), and often develops in the form of adenomatous 
carcinoma. Secondary cancer arises from carcinoma of the stomach, 
intestine, peritoneum, mammary gland, lung or pancreas. It occurs in 
the liver in the form of white or bright red nodules, varying in size from 
a millet seed to a fist or larger, which can often be enucleated, showing 
a slight depression when situated superficially. Daughter nodules are 
also present, producing a nodular appearance. On section the nodules 
present a greyish-white, greyish-brown or greyish-yellow, or occasionally 
a greenish coloration. All transitional forms may be found between soft 
medullary cancer and hard or scirrhous cancer. In cattle the nodules 
are usually soft and contain semifluid matter, and their colour can hardly 
be distinguished from that of normal liver. Metastases are nearly always 
found in the hepatic lymphatic glands and sometimes in the lungs. 
Primary cancer usually consists of a single tumour, which, however, may 
give rise to the development of several daughter tumours, while meta- 
static cancer nearly always occurs as multiple nodules. The liver is 
enlarged to a varying extent, weights of 21-6 kg. being recorded in a 
horse and 22 kg. and even 51 kg. in cattle. 

Cancer of the gall-bladder occurs in cattle in the form of hard, nodular 
thickenings of the wall, with protuberances and ulcer formation on the 
inner surface. | 

Symptoms. These consist in emaciation, anemia, diminished 
appetite and sometimes vomiting. In a cow presenting symptoms of 
acute pneumonia with high temperature of 2 days’ duration Schlegel 
found numerous recent metastases-in the lungs. In dogs Trasbot 
observed muscular atrophy, chiefly affecting the maxillary muscles and 
producing a characteristic facial expression (cancerous facies). 

Diagnosis. In ruminants and dogs there is sometimes a certain 
degree of increase in liver dulness, and in small animals the liver can be 
palpated beneath the ribs. ‘The presence of palpable hard nodules in 
the liver points to cancer, especially when other conditions (cancer of 
the udder, etc.) render the presence of metastases probable. In some 
cases icterus is observed, in others ascites and enlargement of the 
spleen. 

In differential diagnosis, tuberculous growths, which in dogs often 
present very similar clinical appearances, have to be excluded. Other 
conditions concerned in the diagnosis are enlargement of the hepatic 


and Ratz found lipomas in birds. 
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lymphatic glands, tumours in the pyloric region of the stomach and in 
the pancreas, mesentery or great omentum, and also enlargement of the 
gall-bladder and dilatation of the biliary passages. 

Treatment. »Operative interference is not usually practicable, although 
Parascandolo successfully removed a carcinoma of the liver in a sheep. 


Other Tumours of the Liver. These are of only subordinate import- 


ance. Sarcoma, which resembles carcinoma in the clinical symptoms it pro- 


duces, is more often metastatic than primary. In Bjerke’s case the liver of 
a cow weighed 30 kg. and was palpable under the costal arch as a hard, 


- slightly movable mass. In Cadeac’s case, in a cow, death resulted from 


destruction of the wall of the portal vein. In the horse numerous melanomas 
or melanotic sarcomas are sometimes found. 

Adenoma (adenoma simplex, fibrosum, cholangiosum viride) is rare, and 
only gives rise to symptoms when transformed into adeno-carcinoma. In 
a cat affected with digestive disturbances for 2 years Joest found cystadenoma 
malignum, and Claussen observed adenoma of the bile duct in a fowl. 

Angioma is fairly common in cattle, but seldom gives rise to symptoms. 
It occurs in the form of multiple hamangioma cavernosum, or as telangi- 
ectasis capillaris et hemorrhagica maculosa. Wester and Beijers found, in 
a cow affected with toxic anemia and icterus, enlargement of the liver (weight 
40 kg.) caused by cavernous ectasia of the capillaries. In a horse which had 
suffered from mild colic for a year Trasbot observed internal hemorrhage 
from rupture of an angioma, and Ball observed a similar fatal case in a cat. 
In calves there are often found congenital serous cysts (hemocystis serosa) 
which give rise to no symptoms (Stuurmann and others). In two cows 
Schlegel observed multiple cysts formed of dilated aberrant biliary capillaries. 
Trasbot found two lipomas in the liver of a dog, one the size of a child’s head, 

In cattle villous growths sometimes develop in the gall-bladder, either in 
the form of papilloma or as villous carcinoma; in the latter case with secondary 
cancerous nodules in the liver. 


12. Parasites in the Liver 


(a) Echinococci in the Liver (Echinococcosis Hepatis) 
(Hydatidosis verminosa hepatis) 


Incidence. Echinococci are common in the liver of ruminants and 
swine, but much rarer in camels, dromedaries, equines and carnivora. 
They are also found in turkeys and sometimes affect man. 


Distribution of Echinococci. This isclosely connected with the number of dogs and the 
frequency with which they are infested with Echinococcus granulosus. In Iceland and, according 
to Vidal, in Tunis hardly an adult ox or sheep is free from echinococci. Echinococcosis is wide- 
spread on the continent of Europe, and in Bulgaria affects every third or in some districts every 
second sheep (and is also found in 0-29 to 1°8 per cent. of men), while in cattle it is less common 
(according to Krause, in the abattoir at Sofia go per cent. of 733 cattle and 75 per cent. of buffaloes 
contained echinococci). In Russia, according to Gurin, the frequency varies in cattle from 1 to 
80 per cent., in sheep from 0-01 to 60 per cent., in swine from o-o1 to 70 per cent., and in horses 
from 0:005 to 40 per cent. In Germany, Mecklenberg and Pomerania are the districts most 
affected (it is also found in 1-8 per cent. of post-mortems in men), where, according to Made- 
lung and Sahlmann, it affects 25 to 50 per cent. of cattle, 75 per cent. of sheep, and 5 to 8 per 
cent. of pigs; according to Peiper, 15 to 38 per cent. of cattle are affected. More recently the 
incidence has decreased and the average for the whole of Germany for the years 1g04 to 1922 
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was I*2 per cent. in cattle, 2 per cent. in sheep, and 0-08 per cent. in pigs. In Holland the 
figures are 16 per cent. for cattle and 14 per cent. for sheep. At the Budapest abattoir echino- 
cocci were found in 1-4 per cent. of cattle, in 4:1 per cent. of sheep, and in 1:1 per cent. of 
pigs. In Turkey echinococcosis is found in 40 per cent. of fat-tailed sheep and in 60 per 
cent. of long-tailed sheep; in the Argentine in 96 per cent. of slaughtered cattle, in 11 per cent. 
of sheep, and in 20 per cent. of pigs; in Australia in 1-9 per cent. of cattle, in 2 per cent. of 
sheep, and in 0°75 per cent. of pigs. 

According to Lichtenberg’s observations, the distribution of echinococci in the body was 
as follows: in cattle, the lungs in 69:3 per cent., the liver in 27 per cent., the spleen in 2-2 per 
cent., the heart in 0-75 per cent., the kidneys in 0-75 per cent.; in sheep, the lungs in 52-2 per cent., 
the liver in 44-9 per cent., the spleen in 2-9 per cent.; in pigs, the lungs in 18:8 per cent., the liver 
in 73°1 per cent., the spleen in 2-95 per cent., the heart and kidneys each in 2-25 per cent., the 
subperitoneal tissue in 1° $* percent; "1 horses, the lungs in 5°5 per cent., the liver in 94°5 per 
cent. In pigs under 2 years the incidence of affection of the lungs and_ liver compared with 
older animals was 12°8 : 82. 


fEtiology. Echinococci, or hydatids, are the bladder worms of 
Echinococcus granulosus (Tenia echinococcus) which inhabits the intestine of 
dogs and discharges its ova with the faeces. Invasion occurs through 
the medium of fodder, pasture plants and drinking water. 


Development of Echinococct. ‘The oncosphere of FE. granulosus, carried in the 
circulation, undergoes further development in the organs, where it is trans- 
formed into a cyst (hydatid) which gradually increases in size. ‘This is formed 
of two layers—a thick external chitinous layer with a characteristic lamellar 
structure, and a thin internal germinal layer of cellular structure and granular 
appearance. The cyst is enclosed in a connective tissue capsule formed by 
the tissues of the host. ‘The cyst contains a clear or yellowish fluid with a 
specific gravity of 1,007 to 1,015, and contains a large amount of succinic acid. 
The germinal layer of the cyst forms small brood capsules by budding. ‘These 
contain a number of invaginated scolices and later become separated and float 
freely in the contents of the cyst, or single scolices may become free by dissolution 
of the brood capsules. Daughter cysts are also formed by budding from the 
protoplasmic inclusions between the chitinous layers of the original cyst and 
have the same structure as the latter, which has now become the mother cyst. 
The daughter cysts grow into the cavity of the mother cyst and eventually 
fall into the fluid contents, where they also form brood-capsules. Even grand- 
daughter cysts may be produced. Daughter cysts formed in this way are 
known as endogenous cysts, while those which grow towards the periphery 
of the mother cyst and project from its surface are known as exogenous cysts. 
These eventually become separated, but remain for a time in connection with | 
the mother cyst, forming a racemose structure. 

In distinction to the fertile forms of hydatid described above there are 
sterile cysts which form no brood capsules, but in spite of this may form 
daughter and granddaughter cysts. 


According to Bobroff, Dévé and others, a form of development may occur when, after 
rupture of a fertile cyst, scolices, brood capsules or fertile daughter cysts are set free and carried 
in the lymph stream to other parts of the affected organs, or by the blood to other parts of the 
body in the form of emboli. Fertile echinococcal cysts then develop directly from the scolices 
(echinococcosis secundaria). 

The growth of unilocular pehiilitonet (E. unilocularis, E. polymorphus, E. cysticus) is very slow. 
According to Leuckart, after a month they consist only of granules measuring 0-25 to 0°35 mm., 
enclosed in a connective tissue capsule; after 2 months they measure 2-5 mm. and assume the 
form of small cysts. In 5 months the cysts are the size of a walnut and show a definite structure 
of chitinous and germinal layers and the formation of scolices and daughter cysts. 

Multilocular echinococcus (£. multilocularis, E. alveolaris) consists of an internal granular 
membrane and a homogeneous cuticle, and is formed by the exogenous formation of cysts, in 
which (according to Dévé) the inner germinal layer projects fine processes into the adjacent 
tissue of the host and then usually sheds its cuticle. ‘The cysts extend chiefly into the cavities 
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of the biliary passages, bloodvessels and lymphatics, where they grow to the size ofa pea. Accord- 
ing to Ostertag and others this form is the larval stage of a different species of Echinococcus, which, 
according to Krause, appears to correspond with the distribution of the alveolar type of 
echinococcosis seen in cattle and buffaloes in Bulgaria (only 3 per cent. in cattle, 0-45 per cent. 
in buffaloes). Dévé regards EF. alveolaris as a variety of FE. granulosus, while Neveu-Lemaire 
considers that E. multilocularis should be distinguished from F. alveolaris, as it is only a special 
form of E. polymorphus with exogenous cyst formation. 

Death of the echinococci with subsequent inspissation, caseation, calcification or suppuration 
of their contents may occur at any stage of their development as the result of suppurative, fibrinous 
or productive inflammation in the organic capsule caused by bacterial infection from the intestine 
conveyed by the onchospheres. 


Pathogenesis. Echinococcal invasion takes place through the wall 
of the small intestine after dissolution of the egg shells and escape of the 
hexacanth embryos. The latter, by means of their hooklets, penetrate 
the mucous membrane, enter the tributaries of the portal vein, and are 
conveyed with the portal blood to the liver, where they are partly arrested 
in the capillaries. The smaller ones, however, pass through the portal 
capillaries, reach the right side of the heart, and hence the pulmonary 
circulation, from which some pass through the pulmonary capillaries 
and by way of the general circulation reach the various organs of the 
body, in which they develop into hydatid cysts. 

The hydatids, even when in large numbers, rarely cause disturbance 
of health. It is only after especially severe invasion with atrophy of the 
hepatic tissue that they give rise to digestive disturbance as the result 
of acholia, interference with the movements of the diaphragm, gastric 
and intestinal compression, and occasionally obstruction of the portal 
vein at its point of entry or of the cesophagus near the dorsal border 
of the liver, 

Through the absorption of specific proteins of the hydatid fluid specific antibodies are 
formed which can be detected by sero-diagnosis. Also the absorption of a large quantity of 


hydatid fluid (after rupture, operative procedures, or exploratory puncture) may give rise to 
anaphylactic shock and hydatid intoxication (Pfeiler). 


Pathological Anatomy. The liver is enlarged in proportion to 
the number and size of the cysts, and may weigh as much as 158 lbs. - 
in the ox or 110 lbs. in the pig. Its surface is irregularly nodular and 
its shape more or less distorted. On section a watery or pale yellow 
fluid escapes from the cavities of the cysts. ‘The wall of the cyst is easily 
detached and torn, and on its inner surface the small whitish brood 
capsules are sometimes seen, and in the hydatid fluid daughter cysts some- 
times containing granddaughter cysts. . The surrounding liver tissue is pale, 
and when many cysts are present is reduced to narrow partitions of con- 
nective tissue. Dead cysts contain a pulpy, caseous or sometimes calcified 
mass containing shreds of the cyst wall and sometimes chitinous hooks. 

Echinococcus alveolaris forms a large protuberance consisting of numerous 
cysts and fibrous connective tissue, often caseous or calcified in the centre 
and with scolices in the peripheral part. Schlegel found in a cow a large 
Echinococcus alveolaris measuring 34. cm. in diameter. Joest found uni- 


locular and multilocular echinococci present together in a case in which 
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one cyst had penetrated the portal vein, and embolic fragments of cyst 
wall occluded its tributaries. 

Echinococci are also frequently found in the lungs, but more rarely in 
other organs (vide supra). 3 

Symptoms. In cattle and sheep chronic digestive disturbances 
lasting weeks or months are sometimes observed, including variable 
appetite, slow rumination, irregular defecation and frequent flatulence, 
occasionally icterus or symptoms of cesophageal stenosis, and later emacia- 
tion and cachexia. The liver dulness may be considerably enlarged, 
and extend below the last rib and as far as the posterior third of the 
abdomen, and palpation of this region is sometimes painful. Occasionally 
there is an increase in size of the right half of the abdomen, with bulging 
of the flank furrow, in which, as well as by rectal examination, elastic or 
fluctuating protuberances may be felt in the thickened border of the liver. 
The fluctuation in the cysts may also produce a hydatid thrill. In very 
severe cases of echinococcosis of the liver displacement of the: other ab- 
dominal organs may produce general enlargement of the abdomen and 
rapid respiration. Internal hemorrhage may also occur from rupture 
of a cyst. 


In swine with severe echinococcosis of the liver Lucas observed pro- 
nounced ascites which eventually rendered the animals unable to raise them- 
selves on their hind legs. In spite of a good appetite there was considerable 
emaciation. In a case of Schmidt’s there was icterus, while Friedrich and 
Spartz observed great enlargement of the abdomen without ascites (weight 
of liver 12 kg. in a 6-months-old pig weighing 29 kg.). According to Schaper, 
echinococcosis of the liver is a frequent cause of death in swine attendants. 


Diagnosis. The presence of considerable enlargement of the liver, 
with palpable, tense, elastic or fluctuating, smooth globular protuberances, 
and the absence of fever and marked nutritional disturbance point to 
echinococcosis. In some cases exploratory puncture of the palpable 
swelling will reveal the presence of shreds.of membrane, scolices or 
hooklets in the fluid. (In man, after exploratory puncture, intoxication, 
general weakness, dyspnoea, collapse, eclampsia, increase or decrease of 
body temperature, urticaria and arthralgia occasionally have been ob- 
served.) More frequently in cases in which no marked enlargement of 
the liver is present a positive complement-fixation test may be conclusive. 

Roberts and Dabowsky found an allergic cutaneous reaction useful 
in diagnosis. ‘This is produced by the intradermal injection of 0-5 to 
1:0 c.c. of a mixture of sterile echinococcal fluid with carbolic acid 
An erythematous macule the size of a shilling is produced, with cedematous 
swelling, which persists for 2 to 4 days. Lanfranchi also recommends 
a conjunctival test as a diagnostic measure. : | 

Treatment and Prophylaxis. In the absence of any known 
effective treatment for echinococcosis, attention must be directed to 
prophylaxis by preventing animals from eating fodder which has been 
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contaminated by the feces of dogs, and when this is impossible by 
destroying the organs of animals which are found to contain hydatid 
cysts after slaughter. 


(b) Liver-Fluke Infestation (Distomatosis) 
(Fasciolosis, Liver rot) 


This is an acute or chronic disease of the liver and biliary passages, 
resulting in the chronic form in digestive and nutritional disturbances 


principally caused by the species Fasciola hepatica (Distomum hepaticum) of 
the Trematoda. 


Incidence. Distomatosis occurs in all countries, chiefly in low-lying 
marshy districts and areas liable to flooding, with a damp swampy soil. 
It is said that the disease less commonly occurs on the sea coast because 
brackish water is unfavourable for the embryo flukes (miracidia). An 
alkaline soil is also unfavourable for them. In sheep, after a wet summer, 
there may occur severe losses—5o0 to 75, or even 100 per cent. of a whole 
flock. In cattle the disease is often found in a severe form only in calves 
and young stock, but after an exceptionally wet summer animals of all 
ages may be equally affected. In goats the disease sometimes occurs 
epizootically. It also affects swine (in Holland, in swine of all ages 
and often enzootically), buffaloes (in Hungary, East Prussia, East 
Indies), camels, wild deer, hares and rabbits. It is uncommon in horses 
and asses and exceptional in dogs, cats and guinea-pigs (Schmidt ob- 
served distomatosis among a group of experimental guinea-pigs). Occa- 
sionally the disease has been found in man. 


Statistics. In Germany the disease is prevalent in many districts. In Bavaria in 1898 
it was found in 90 per cent. of slaughtered animals, and in the years 1924-1925 it was so severe 
and widespread that 17,000 to 18,000 cattle, 55,000 to 60,000 sheep and 2,500 goats were 
destroyed; also in eight other districts it caused the death of 1,800 cattle, 12,000 sheep, and 1,200 
goats. Jn Alsace-Lorraine in the year 1873 about one-third of the total stock of sheep valued 
at 1-5 million francs was lost, and in 1880 the loss rose in some places to 70 or go per cent. In 
France severe outbreaks have often occurred, especially in the departments of the Meuse, 
Gascony, and the Pyrenees, etc.; and in Holland in the western area at the mouth of the Rhine 
and the Meuse, where in many regions the disease has become enzootic. In England it has 
caused an annual loss of a million sheep (in 1830 1$ million, in 1879-1880 3 millions), and in 
Ireland in 1862 62 per cent. of sheep were affected. ‘The disease is also widespread in the 
Faroe Islands (Bech). In Hungary, in 1889, the northern regions were especially infested, and 
in two districts the whole of the sheep succumbed, and great losses occurred in the years 1893- 
1897, 1912-1913, and especially in 1926-1927, when in the whole country 13-9 per cent. of the 
total cattle herds (125,610 animals) and 14:0 per cent. of sheep flocks (104,866 animals) were 
affected, and of twenty-five comitats only two escaped. In one of the most severely infested 
comitats 24-4 per cent. of cattle herds were attacked, and the loss by death or emergency 
slaughter was 13 per cent. (in pecuniary value about 14 million pengés). At the same time 
adult liver flukes were found in great numbers in slaughtered calves from 3 to 7 weeks old 
(in one abattoir in 0°65 per cent.), and also in an 84-months-old calf foetus; also fatal cases 
occurred in two 2-year-old foals. Severe infections were also observed in swine. In Poland, 
in the year 1891, 50 to go per cent. of the sheep died of the disease (Popow), and in Slavonia 
in 1876, 40 per cent. of the cattle (Krazl). In Jugo-Slavia, in 1926-1927, 239,138 cattle, 828,902 
sheep, 11,845 goats were affected, of which 62,616 cattle, 294,864 sheep, and 6,141 goats died, 
representing a pecuniary loss of 153,125,000 dinars (0-02 per cent. of the total value of the 
cattle). According to Ghland, in Norway the south-eastern and south-western coastal areas 
are most often affected. In America, distomatosis appears to be frequent on the east and west 
coasts, along the Gulf coast near the mouth of the rivers, and especially in the States of Washing- 
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ton, Oregon, California, Texas, Arkansas, Louisiana, Alabama and Florida. In Australia the 
disease was imported in 1855, and became widespread in Victoria and New South Wales. 
Cases have also been observed in Asia, and in Africa in the region of the Nile and Northern 
Rhodesia and Algiers. ae 

According to Liihrs, in the years 1927-1928 the total damage caused by distomatosis in Olden- 
burg amounted to 8 million marks (23:9 R.M. per animal), the loss of meat from young cattle 
was 5 per cent., and from older animals 2°5 per cent.; and from sheep 25 percent. At the same 
time the cost of food for severely affected young cattle was 0:20 R.M., and for less severely 
affected and older animals 0-10 R.M. per day. Also there was a loss of 1 litre of milk per day 
from milk cows, and finally a loss from death of 0-25 to 1-5 per cent. in cattle and 50 per cent. 


sf sheep. : 

Etiology. The principal and most widely distributed causal agent 
of severe distomatosis is Fasciola hepatica, of the family Fasciolide of the 
Trematoda. In certain regions F’. magna and F. gigantica are of etiological 
importance, while Dicrocelium dendriticum, of the family Dicroccelide, is of 


little pathogenic importance. 


Fasciola hepatica (Distomum hepaticum). ‘This is the common liver fluke. It is 20 to 30 mm. 
long, 8 to 13 mm. wide, leaf-shaped, and furnished with backward-directed spines. At the 
apex of an anterior conical process it has an oral sucker, and 3 mm. behind this a larger ventral 
sucker (Fig. 102 [2])._ The ova (Fig. 105) are brownish or greenish-yellow, oval in shape, 130 to 
145 » long and 70 to go » wide, and furnished at one pole with an operculum which is seen on 
pressure or after adding caustic potash. The intermediate hosts are certain fresh-water snails; 
in Europe, and in Asia as far as Tibet, chiefly Limnea truncatula (Fig. 104); in America, Limnea 
(Galva) humilis, L. ouahensis, L. viator, L. bulimoides, L. trasku, L. ferruginea, L. cubensis, Fossaria 
moricella, Pseudosuccinia columella; in Australia, L. tenuistriata and L. brazieri; in Japan, L. pervia 


1 2 


Fic. 102.—1, Fasciola hepatica Fic. 103.—Dicro- Fic. 104. — Limnea_trun- 
(NATURAL SIZE); 2, Fasciola  celium dendriticum catula (RIGHT, NATURAL 
hepatica, SHOWING Macroscopic (NATURAL SIZE). SIZE). : 


STRUCTURE (x 2). 


and L. japonica; in Africa, L. natalensis, Physopsis africana, and Isidora tropica. L. peregra, according 
to Leuckart, can hardly be regarded as an intermediate host, as the fluke larve only attain the 
redial stage of development in that species. On the other hand, the experiments of Néller and 
Sprehn have shown that in Europe L. palustris and L. stagnalis may be intermediate hosts, 
because in these species the development of the fluke larve reaches the mature cercarial stage. 
According to Monnig, Noéller and’ Sprehn found that the adult L. stagnalis is refractive to 
infection. Again, distomatosis is known to occur in regions where no L. truncatula can be found 
(Luhrs), but, as Bernard points out, this may be explained by their localisation in small areas 
where they can easily be overlooked. 

Fasciola magna (Fascioloides magna). Flesh-coloured, 3:5 to 6 cm. long, 1-85 to 3 cm. wide. 
Ova 109 to 16875 to 96 win size. Found in North America, but also in Europe (Bohemia, 
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Spain, Silesia). Intermediate hosts in America are Fossaria medicella, F. modicella rustica, and 
Pseudosuccinea columella. 

Fasciola gigantica. 2°5 to 7:5 cm. long, 0-3 to 1-2 cm. wide, and hence rather slender. 
Indigenous in South Africa, but may also be found with F. hepatica, as in Spain. In 
Northern Rhodesia and neighbouring districts it causes great loss of cattle. According 
to Hornby, the intermediate host is Limnea natalensis and other fresh-water snails, such as 
Physopsis africana. 

Dicrocelium dendriticum (D. lanceolatum, D. lanceatum). Only 4 to 9 mm. long, 1-5 to 2°5 mm. 
wide, slender and lance-shaped, of dark brown colour (due to transparence of uterus filled 
with ova). Ova dark brown, 37 to 40 u long and 22 to 30 w wide, and furnished with operculum 
(Fig. 105). Intermediate hosts are the land snails, Helicella itala, H. candidula, Kebrina 
detrita, Terquilla frumentum and Ena obscura. 

Of the snails known to be intermediate hosts of Fasciola, the dwarf snail, Limnea truncatula, 
is widely distributed and amphibious. It has a pointed shell of a brown colour with a dextral 
spiral. In its aquatic state it lives in stagnant or slow-running water (according to Noller not 
more than 10 to 20 cm. deep), preferably with 
a muddy or clay bed; also in the wet soil of hilly 
country, in which it finds sufficient oxygen in a 
very slight depth of water, and also enough dia- 
toms, algz, and decayed leaves to feed on. Con- 
sequently it usually avoids large ponds and streams, 
and also regions with an alkaline soil, as well as 
salt marshes. The snails are usually found in 
large numbers in flat, grassy, slow-flowing back- 
waters, in ditches with a fine clay soil, in boggy 
ground, in ditches and puddles without reeds. in 
drainage conduits and springs, and especially in 
places where a stream of water has become dammed, 
in gutters and depressions in paths, in puddles 
around wells, and in the soil of flooded areas and 
valleys, except where a sandy soil has prevented Fic. 105.—Ova or Liver FLUKEs. 
them from thriving. When water and oxygen ; : 
are deficient they remain in wet mud close to the !> /asciola hepatica ; 2, Dicrocelium lanceola- 
source, where they collect in a narrow space only tum ; 3, ovum off aramphistomum cervt 
a few centimetres above the water level. (similar to that of Fasciola hepatica). 

The Limnze deposit their ova usually in April, 
after a mild winter, sometimes in the last days. of February, and this continues till August. 
In September many of the fully developed snails die, and the remainder, together with those 
only half developed, remain in damp soil through the winter. 


Development of Fasciola hepatica. For the development of the liver fluke 
it is necessary for sexual reproduction to take place in the final host and asexual 
reproduction in the intermediate host (snail). Each liver fluke, being her- 
maphrodite, deposits ova in the biliary passages of the final host. According to 
Leuckart, the number of eggs laid by a single liver fluke during its whole 
life may be 37,000 (Montgomery estimated it at 1,180,000). When laid, the 
fertilised eggs consist of a single ovum or germ cel] and a large number of 
yolk cells enclosed in a chitinous shell. After escape of the eggs from the 
body of the host and under suitable conditions of moisture and temperature 
(8° to 12° C.) they undergo segmentation with the formation of an embryo 
which in 2 to 6 weeks (in autumn and winter 3 months) escapes from the egg 
shell through the operculum in the form of a ciliated larva, the miracidium, 
which has an X-shaped eye spot, and moves actively in water or watery sub- 
stances. According to Leuckart it can live in this state only for 3 hours, 
but according to Thomas it may survive for 24 hours. If during this time it 
meets with a suitable intermediate host, it penetrates the respiratory cavity 
of the snail and from there reaches the tissues, where it sheds its ciliated en- 
velope and is transformed into an elongated sac, the sporocyst. Within the 
sporocyst, in the course of 2 to 4 weeks, are formed 5 to 8 redi@, which are 
elongated structures each containing a sac-like intestine. In a further 4 to. 
6 weeks in each of the redie are formed 15 to 20 oval tadpole-like cercarie 
with two suckers, a long tail, and a bifurcated alimentary canal. These escape 
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through the mouth pore of the redia, and after leaving the body of the snail 
are set free in water or on damp soil (most frequently in the months of August 
and September). In a few hours they lose their tails, and by excreting an 

adhesive substance become attached in a few minutes 

(according to Shirai in 12 hours) to blades of grass, 

the leaves of water plants, the mud of pools, the 
‘surface of water, or on snail shells. In these places 

they are transformed into infective cercarial cysts resem- 
bling grains of sand, 0-2 to 0:25 mm. in size. Ac- 
cording to Ssinitzin, the encystment of cercarie takes 
place in 66 per cent. of cases 1$ cm. below the water 
surface, in 24. per cent. deeper, in 10 per cent. above 
the surface, and in 6 per cent. directly at the water 
level. According to Ndller they are deposited in the 
mud. of stagnant water and even on the bodies of 
the snails. In the stomach of the final host the cyst 
wall is dissolved and the cercaria eventually reaches 
the biliary passages and, in 24 to 3 months be- 
comes sexually mature. According to its stage of 
' development the length of the young liver fluke 

Fie. 106.—CrrcariaL reaches 0-1 to 0-4 cm. in 3 or 4 weeks after 
pete Aes Fasciola hepa- ~~ sn fection, in.6 weeks 0:1 to 0:45 to 0-75 cm.,.in 

a, 1'6TH SIZE (AFTER A 

N6LiER). 7% to. GO “weeks* 1:0 -cm: 1m <0 “weeks 0°70 7 aac 

in II weeks I-90 to 2:4 cm. Besides, a few speci- 

mens may measure considerably less, owing to the differences in the time of 

penetration of the liver tissue and entrance into the biliary passages. ‘The 

shortest time from infection to the commencement of oviposition is 2 months 
(Marek, Shaw). 

The duration of life of liver flukes in the liver is from 3 to 5 years; Raillet 
found it 3 years and Thomas 5} years in animals which could not have been 
reinfected during these periods. The majority, however, live for 9 months 
to 1 year only, and after the completion of oviposition some of them die 
in the biliary passages, others migrate back to the intestine, where they also 
die and are digested, while a few pass out of the intestine in a well-preserved 
state. 

The development of Fasciola magna and of F. gigantica resembles in 
the main that of F. hepatica. According to Hornby, the cercarie (Cercaria 
pigmentosa) of F. gigantica inhabit the snails Limnea natalensis and Physopsis 
africana. 

The development of Dicrocelium dendriticum is known. ‘The ova of 
the fluke are ingested by the snail intermediaries (see page 405) and the 
miracidia grow into polymorphous sporocysts; these produce daughter 
sporocysts. From the latter there develop cercariez, which are expelled 
from the pulmonary sac of the snail in masses of 200 to 400 individuals 
and which adhere to the vegetation. The cercaria in turn are ingested 
by the host while grazing, and develop to maturity in the liver after a 
period of about 5 months. 

This form of liver fluke differs from the cosmopolitan Fasciola hepatica in 
its distribution, which, according to Obitz and Nodller, is almost exclusively 
confined to warm and dry chalky meadows and is chiefly found in the south 
of Europe, central and southern Germany, in a zone around the Alpine region, 
and also in Silesia, Bohemia, and Hungary. In America it appears to be 
seldom if ever observed, and in Britain it appears to be confined to islands 
off the western coast of Scotland. 
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Resistance of Liver Flukes. The eggs remain capable of germination for over a year, when 
they are protected from cold in feces, manure or dung, etc. (according to the author’s observa- 
. tion a temperature of — 15° to —18° C. kills them in 2 days). They withstand a certain degree 
of desiccation (in the author’s observation, in moderately dry sheep’s dung at room temperature 
they remained alive for more than 8 months). On the other hand, more severe desiccation or 
putrefaction kills them in a few days. Ova containing embryos remain capable of further 
development at o° C. for months. Horny observed inhibition or arrest of segmentation after 
treatment of the host with remedies for distomiasis. ~The cercarial cysts resist a temperature 
of — 4° to — 6° C., and, according to Shirai, 0° C. for 24. hours, but — 21° C. for only 10 minutes. 
In fresh water they live for 80 days (Shirai), and in wet places for 3 weeks (Leuckart). In 
hay not thoroughly dried after a wet summer they live for 8 months (Marek). Complete 
desiccation kills them directly, exposure to sunlight and a temperature of 22° to 31° C. in 
3 hours, but they resist a temperature of 24° in the shade for 72 hours (Shirai). ‘They are 
killed by drying for 44 days in dry hay, and then appear as shrunken, hemispherical, nummular 
or flat structures (N6ller). In the snail’s body they remain alive during the dry months of the 
year for over 4 months, and also through the winter. 

Of chemical agents, solutions of sodium chloride have a destructive action on the miracidia 
and free cercarie#, a 2 per cent. solution killing them in 5 minutes, a 1 per cent. solution in 
20 to 25 minutes, and a } per cent. solution in 20 minutes (Ercolani). In lime-water they are 
killed immediately (Marek and others). In Klobouk’s experiments the eggs of Fasciola were 
destroyed by certain substances in the following succession: 5 per cent. lime-water, saltpetre, 
common salt, sulphates of iron and copper, 40 per cent. potash, 5 per cent. potassium sulphate, 
5 per cent. basic slag, and 5 per cent. kainite. A 1 in 500 solution of copper sulphate killed 
encysted cercarie, but weaker solutions did not always do so. 

Resistance of Limnea. On moist grass or moss Limnea lives for 11 weeks, and some specimens 
withstand desiccation for 6 weeks. After 26 days in an open glass vessel at room temperature 
with daily exposure to sunlight for 1 hour the majority of the snails revive when placed in 
water. 

As regards their resistance to chemical agents, Chandler and others found that Limnee 
were killed in 48 hours by copper sulphate in a dilution of 1 : 500,000 to 1,000,000, and that 
70 to 100 per cent. of them were killed by a dilution of 1 : 100 to 1,000 in I minute, by I : 1,000 
in 30 minutes, by I : 20,000 in 60 minutes, by 1 : 40,000 in 4 hours, and by 1 : 80,000 in 
to hours, 


Infection usually takes place by the ingestion of cercarial cysts with 
the grass of wet swampy pastures or flooded areas. The cysts may also 
be ingested with the drinking water when they become detached from 
water plants and collect in shallow pools used by the animals for drink- 
ing. (According to Lutz this mode of infection is common in the 
Sandwich Islands.) Infection may also occur on dry pastures through 
the accumulation of the drainage overflow from drinking places, as 
this constitutes a favourable breeding place for the Limnee and 
liver flukes. 

Infection may also take place in housed animals through green 
fodder infested with cercarial cysts obtained from snail-infested areas 
_and also by feeding insufficiently dried hay from such regions. Severe and 
fatal infections for the whole duration of winter stall-feeding may be caused 
by hay which has been stored in a damp condition after a wet summer. 
This has been demonstrated experimentally by Marek and others, and 
is also proved by practical experience (the occurrence of the disease 
in late autumn- and in winter-calves in pens). Bugge found the earliest 
stages of development of the flukes (0-24 to 1 mm.) in slaughtered cattle 
up till the end of March, and Klobouk observed mature flukes to the 
number of 95 and 185 in two cows which had not been on pasture and 
had eaten no grass. It has been shown that badly saved hay retains 
its infectivity for over 8 months, while under normal weather con- 


408 DISEASES OF DOMESTIC ANIMALS 


ditions hay which has been completely or nearly dried retains only a 
slight degree of infectivity for 1 to 34 weeks, and is quite harmless after . 
5 or 6 months. 

The possibility of zntra-uterine infection through transmission of liver- 
fluke larve from infested mothers during pregnancy by way of the 
placenta is proved by the occasional finding of fully developed 
flukes in the biliary passages of foetuses and newly-born animals, as 
well as in many calves slaughtered at the age of 3 to 7 weeks (in 
50 per cent. of 600 calves in one abattoir in Hungary). In view of 
its obvious infrequency, intra-uterine infection is only of minor practical 
importance. 

The continued infectivity of pastures and water meadows is maintained 
partly by the survival of fluke ova and that of infected snails through 
the winter (when not too cold), but principally by the repeated reinfesta- 
tion of the land by ova contained in the feeces of distome carriers, which 

are apparently healthy and may harbour the flukes for years. Sometimes 
_ hares and other wild animals may play a part in the maintenance of in- 
fectivity, and also manure from infested animals. 

The degree of infection of animals at pasture depends to a great 
extent on the number of encysted cercarie on the grass and in the water, 
and also on the amount of moisture in the ground. Under normal 
weather conditions, wet and marshy pastures, undrained muddy ditches, 
and the banks of slow-running brooks are the most dangerous places. 
Even dry well-drained pastures may be dangerous owing to the overflow 
of drinking places forming stagnant puddles. The danger of infection 
is increased in wet years, and areas normally free from liver fluke may 
then become infective through the transport of eggs, larve and snails 
by the rains and overflows. In wet summers the infectivity of pastures 
and meadow-land is further increased by the variations in the level of 
the ground water, owing to which grasses for their whole length may at 
different times become covered with encysted cercarie, which on the 
subsidence of the water level become exposed to ingestion during grazing. 
For this reason liver-fluke infestation after a wet summer tends to become 
epizootic and even panzootic over extensive areas. The degree of 
infection in the animals is influenced by the duration of their grazing 
period on infested pastures. Sometimes a grazing period of a few 
hours or even less than one hour may result in the infection of a large 
number of animals, but as a rule massive infection occurs only after 
repeated grazing on infested pastures. The occurrence of severe 
infection in stall-fed animals under certain conditions has already been 
explained. 

Infection may occur at any time of the year: in spring at the commence- 
ment of pasturing, and also during stall-feeding in the winter from badly 
preserved hay infested with cercarial cysts conveyed by hibernating snails, 
or when the animals are turned out for short periods in fine weather. 
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Nevertheless, apart from exceptional conditions, such as feeding with 
damp hay, severe infections with the loss of many animals occur at definite 
times of the year (under normal weather conditions generally in the 
autumn, and in wet seasons also in summer). In the early months of the 
year only a few cercarial cysts are present on pasture-land, and for the 
production of a severe infection a mass development of ova which have 
survived the winter is necessary or a distribution of these by fluke carriers 
from the commencement of pasturing. As the development of cercarial 
cysts takes 2 to 4 months (vide supra), the outbreak of a severe infection 
does not appear before the end of July or in August. It is only after 
heavy rains in autumn that the snails and fluke larve can continue their 
development unrestrained, thus leading to the production of numerous 
cercarial cysts. In the event of a wet summer, however, a massive pro- 
duction of these cysts may occur as early as the second half of June. On 
the other hand, in countries with a naturally humid and mild climate, 
such as the coastal regions of the Gulf Stream (Faroe. Islands, England), 
where sheep can be kept on pasture day and night for the whole year, a 
severe infection may occur at any time. 

Invasion by the larve of the Lancet fluke (Dicrocelium dendriticum) does 
not chiefly depend on conditions of humidity, as it is transmitted 
through land snails. The distribution of the ova of these flukes may be 
effected by wild rabbits and hares, which in certain regions often harbour 
the flukes. 

Susceptibility. ‘This is greatest in sheep and wild ruminants; it is to 
some extent less in cattle and goats, while swine, solipeds and carnivora 
rarely become affected in spite of invasion by the parasites. In man 
the disease is also exceptional, although a considerable number of 
cases have now been recorded, and infection occurs through raw 
vegetables, fruits, grass, sorrel and wood-sorrel, but probably more 
frequently by drinking from muddy pools. Young animals, especially 
ruminants, are the most susceptible. Of laboratory animals, rabbits 
and guinea-pigs are easily infected by the ingestion of cercarial cysts. 
In rabbits these may reach sexual maturity, but guinea-pigs usually die 
before this can take place. 

Pathogenesis. According to present opinion the migration of 
cercarie into the liver commonly takes place by the portal vein. After 
the digestion of their cystic envelopes by the gastric juice ‘the cercarie 
(measuring v*I4 mm.) penetrate the intestinal wall by means of the 
numerous sharp spines on their surface, which, during the turning and 
bending movements of their bodies, act like a file and.cause tearing and 
cutting of the tissues. At the same time, after every pause the anterior 
sucker is extended as far as possible and the body drawn up after it, by 
which movement the conical head, which is also armed with spines, is 
pushed further forwards. In this way the larve reach the small veins 
of the submucosa and are conveyed to the liver, where they penetrate 
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the intrahepatic branches of the portal vein and remain for a time in the 
hepatic tissue, in which they migrate by manifold worm-like movements 
of their eulite. and on destroying the soft tissues they enter eventually the 
smaller tiene passages, where they reach sexual maturity. 

This conception of their migration is supported by the exclusive or 
predominant affection of the left lobe of the liver, which by its anatomical 
relationship causes the main stream of portal blood to be directed to the 
left; also by the temporary freedom from flukes of the biliary passages, 
in spite of the marked extrabiliary changes in the hepatic tissue in the 
course of the first weeks, and also by the frequent presence of burrows 
in the wall of the intestine. On the other hand, it has been demonstrated 
that in rabbits and guinea-pigs the cercariz can enter the liver inde- 
pendently from the abdominal cavity by perforating its capsule after 
boring through the wall of the intestine. This mode of migration 
appears to occur in domestic animals only after severe invasion, and 
then only partially. An independent migration through the bile duct 
hardly comes into question, and can only occur accidentally during the 
flowing of the intestinal contents past the opening of the duct. 

In rabbits and guinea-pigs, according to Ssinitzin and Shirai, cercarie migrating from the 
intestine to the abdominal cavity reach the abdominal organs in 4 to 14 days; on the fourth to 


fifth day they collect on the surface of the liver and eventually bore their way into it. Similar 
observations were made by Sohns in rabbits and guinea-pigs infected naturally. 


After their invasion the cercaria wander in the; liver, producing 
long, tortuous burrows by destruction of the liver tissue as they proceed. 
The burrows are at first filled with blood and tissue debris, and afterwards 
with leucocytes and eosinophil cells. By this time the cercarie attain a 
length of 1 to 2, or occasionally 3 mm., and feed on the blood and tissue 
debris. ‘The duration of their migration in the liver tissue till they enter 
the biliary passages may be up to 2 or 3 months, and apparently this is 
necessary for their development. During their migration the larve often 
penetrate the capsule of the liver, and may then give rise to localised or 
general peritonitis. As the result of mechanical irritation and tissue 
necrosis, and also of the action of metabolic products formed by the larve, 
acute inflammation is caused in the region of the burrows, with lympho- 
cytic and leucocytic infiltration of the tissues and eosinophilia, which 
by subsequent invasion of streptococci and staphylococci may become 
suppurative. At the same time in early cases, and also in tissues at a 
distance from burrows, especially in the angles between the liver lobules, 
round-celled infiltration of the ‘connective tissue is caused by the irri- 
tant action. of products of destruction of hepatic tissue and metabolic 
products of the larve conveyed by the lymphatics. This process is 
followed from about the third week by a gradually increasing connective 
tissue formation. 

Some of the migrating larve penetrate the hepatic veins and so reach the 
lungs, from which they enter the general circulation and may form emboli 
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in other organs, especially in the placenta of pregnant animals. Larve 
which have not reached biliary passages in which to complete their 
development become encapsuled as foreign bodies in the liver tissue, and 
sometimes calcified. The majority, however, first enter the small biliary 
passages, and gradually become sexually mature. The mechanical irrita- 
tion of their spiny bodies and the frequent movements of their suckers 
cause chronic inflammation with connective tissue formation in the walls 
of the biliary passages, which often extends to the interlobular connective 
tissue in the form of cholangioitic cirrhosis of the liver with proliferation 
in the biliary passages through budding. The destruction of liver tissue 
which occurs soon after migration of the larve also takes part in the 
production of cirrhosis. An important réle is also played by toxic 
products of metabolism and by excretions of the larve, the irritant action 
of which is exerted on the walls of the biliary passages and also on the 
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Section of the liver'showing burrows filled with blood (dark) and degenerated hepatic 
lobules (clear). 


liver tissue through the lymphatics. Bacteria, especially coli bacilli, also 
take part in the process, as they find the diseased walls of the biliary 
passages a suitable soil for their multiplication. The nutritional and 
hemopoietic disturbances which are always present in severe cases are due 
less to the cirrhosis of the liver than to the continued absorption of toxic 
substances from the flukes and secondary invading bacteria, and also to 
the blood-sucking capacity of the flukes (proved by an observation of 
Railliet’s). According to Heidegger, in chronic distomatosis and echino- 
coccosis of the liver in cattle, sheep and swine there is always a toxic 
glia reaction in the brain as the result of neurotoxic substances derived 
from the alimentary canal, and probably also from the bodies of the 
parasites after abolition of the detoxicating action of the liver through 
extensive destruction of its parenchyma. This glia reaction consists in 
an increased formation of large glia elements, with proliferation and 
degeneration of the glia. 
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The mode of migration of the lancet fluke, Dzcrocelium dendriticum, 
is not definitely known, but probably the cercarie enter the liver 
in a simi’ar way, and owing to their small size and slender form 
penetrate the smallest biliary passages. The lancet fluke has a 
much slighter pathogenic action, because it does not appear to 
be a blood sucker, and it also causes much less irritation of the 
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In the centre, migrating cercaria with spines and anterior sucker and surrounded by erythrocytes 
and eosinophil cells; to the left and above, a hemorrhagic focus; to the right and below, 
leucocytic infiltration and degeneration of the liver cells. 


biliary passages owing to its small-size and the absence of spines on 
its cuticle. 

Pathological Anatomy. After mass invasion by liver-fluke larve 
the liver shows signs of acute hepatitis (hepatitis acuta traumatica disto- 
matosa). It is increased in size and congested, and beneath the capsule 
presents small hemorrhages and sometimes fibrinous or membranous 
deposits. ‘I'he round or slit-like openings of the burrows, exuding a dirty 
red fluid on pressure, and sometimes the head of a larva, are often to be 
seen. ‘These openings lead to irregular cavities filled with blood and 
tissue debris, and containing one or more fluke larve. These cavities, 
which are present also in the liver tissue in varying numbers, are at first 
the size of a millet seed to a pea and form yellowish-brown foci which later 
increase in size, and by coalescence of their central parts form secondary 
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foci. Also numerous single burrows are found filled with fluid or coagu- 
lated blood and of a colour varying from greyish-yellow to green, and often 
containing a fluke 0-3 to r2 mm. long. The interlobular tissue between 
the affected lobules is somewhat thickened. At this time the biliary 
passages may be still unchanged and free from larve, or in a later stage 
may be slightly dilated and filled with mucus and blood-stained bile 
and a variable number of young larve. In some cases, chiefly in 
connection with severe outbreaks, the migrating larve give rise to 
peritonitis, almost always most marked in the region of the liver 
and usually the left lobe. In cases with extensive enlargement of the 
hepatic lymphatic glands the capsule of the liver is cloudy in places and 
often presents rounded protuberances the size of a hazel nut covered 
with fibrinous deposits; also filiform, polypoid or villous formations of a 
grey or brown colour. Similar formations are also found in the spleen, 
on the inner surface of the abdominal wall, on the first 7 to 8 metres 
of the intestine and in severe invasion the whole gastro-intestinal canal 
shows adhesions; later in its wall there occur tortuous burrows con- 
taining bloody or purulent matter, and also nodular formations the 
size of a pea, often containing a young fluke 5 to 8 mm. long. In 
such cases the mesenteric glands are much enlarged and almost always 
contain young flukes. Occasionally hemorrhage occurs through the 
burrows. In less acute cases of this hepatic. peritonitis numerous young 
flukes are seen on the omentum and diaphragm, and also in any 
peritoneal fluid that may be present, while more developed or mature 
flukes, according to Bugge, only reach the abdominal cavity after death 
by penetration of the liver capsule. In young swine Frenkel found 
sero-fibrinous exudation in the abdominal cavity, together with hemor- 
rhagic or purulent foci in the liver containing flukes 1 to 3 mm. long, 
often without signs of cholangioitis. In cattle also small hemorrhagic 
foci containing young flukes 0-3 mm. in size may be found in the lungs, 
and also larger foci, usually formed of burrows filled with blood, con- 
taining larger flukes up to 3 mm. in length. 

In mild cases of chronic distomatosis the liver may present no external 
signs of disease, but on palpation hard cords can be felt which on section 
are found to be dilated biliary passages with thickened rigid walls. 
From these yellowish-brown bile containing flukes can be expressed. 
These formations are also seen on the posterior surface of the liver as 
white nodulated cords. 

In more severe cases there is chronic inflammation of the liver 
(hepatitis indurativa distomatosa). The liver in this condition is enlarged 
and indurated, and the larger biliary. passages are considerably dilated, 
with thickened walls, and in cattle the inner surface feels rough owing 
_ to the deposit of phosphate of lime and magnesia (cholangioitis chronica 
hyperplastica petrificans). ‘The biliary passages also contain greenish-brown, 
viscid or flocculent bile, and sometimes masses of pus mixed. with numerous 
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flukes in various stages of development. After the subsequent contraction 
of the liver, which chiefly or exclusively affects the left lobe and is always 
most marked at the borders, the atrophied parts of the liver become hard, 
tough and uneven. On section the liver varies in colour from brown 
to grey, and in the latter case there is scarcely any visible parenchymatous 
tissue (hepatitis fibrosa retrahens). ‘The less affected and still unatrophied 
parts of the liver present small strands or islands of cicatricial tissue, 
representing the burrows formed in the acute stage. Owing to the 
frequency of repeated invasions different stages of the disease are often 
found to be present. In severe cases the pathological changes are supple- 
mented by those of emaciation, anemia and dropsy. 


In the chronic form variations occur in different species of animals. In cattle, in severe 
infection, the liver is enlarged up to three times its normal size by an irregular and diffuse con- 
nective tissue hyperplasia and is of a light grey colour, while in sheep and other ruminants, and 
also in swine, the connective tissue proliferation is of moderate degree, the walls of the biliary 
passages are not more than I to 3 mm. in thickness, and their inner surface is free from incrusta- 
tion. Inroe deer the changes are more localised, in chamois and hares there is marked cirrhosis 
and thickening of the walls of the bile ducts, and in red deer the changes chiefly affect the 
biliary passages. 

Concerning the relationship between the number of mature liver flukes and the degree of 
the changes in the liver, it may be concluded from the observations of Marek that in cattle 
cholangeitis is macroscopically evident only when there are approximately 120 to 250 flukes. 
In animals harbouring approximately 280 to 550 flukes there is definite connective tissue hyper- 
plasia and cirrhosis of the border of the left lobe, and in animals with more than 550 flukes 
enlargement of the liver to 1$ to 3 times the normal (in a cow with 1,660 flukes the liver weighed 
14.kg.). In a sheep with 98 flukes cholangeitis only was present, and in the winter months, in 
animals with more than 100 flukes there was an increase in connective tissue. 

The number of flukes (estimated by systematic dissection of the liver, and if necessary im- 
mersion of the sections in water) varies considerably. In the bile ducts only a few specimens 
may be found or several hundred up to 1,000 (in the author’s cases the highest number in cattle 
was 1,660, in sheep 368; in Friedberger’s cases in sheep over 600; in Dupray’s cases over 1,000). 
Isolated specimens may be found in the intestine and colon. Cold inhibits the movements 
of the flukes, but if they are placed in warm physiological salt solution or water they remain 
active for 14 to 18 hours after the death of the host. 

Aberrant flukes are sometimes found in tubercular-like nodules in the abdominal cavity, 
in the vas deferens, between the tunica vaginalis and tunica propria of the testicle, in the pan- 
creas, on the valves of the heart and endocardium, in the diaphragm, larynx, spleen and lungs, 
and in the portal, mesenteric and mediastinal lymphatic glands (in the last situation the larve 
of Linguatula rhinaria may cause similar macroscopic changes). 

Dicrocelium dendriticum, even in severe infections, usually gives rise to less pronounced changes 
in the liver and a lesser degree of dilation and thickening of the bile ducts and of macular , 
discoloration of the liver capsule. In severe cases histological examination shows proliferation 
and atrophy of the lattice fibres, especially in the angles between the lobules; also catarrhal 
cholangeitis with proliferation of the biliary passage and necrosis of their epithelium. Although 
the lancet fluke may be present to the number of several thousand (in two of the author’s cases 
there were 2,901 and 3,924 specimens) they may easily be overlooked or confused with black 
masses of bile. After a severe invasion they can be expressed in sausage-shaped lumps from the 
divided bile ducts. ‘They cause no nutritional disturbances (Friedberger, Neumann, Marek). 


Symptoms. Clinical symptoms in the chronic form appear to occur 
only when, in cattle at least, 250 flukes are present and in sheep 50, 
but in young animals less severe invasion may cause disturbance of 
health. The period between invasion and the appearance of the first 
symptoms is from 17 to 21 days in acute cases, from 1 to 2 months in the 
chronic form. In normal years the acute form of the disease appears 
in the summer and autumn and chronic distomatosis in the autumn 
and winter. ‘The losses commence in the second half of October and 
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reach their maximum in December, January and February, after which 
they decrease, but rise again in May. In wet years and in invasions at 
other times of the year the first symptoms appear accordingly. 

Sheep usually remain apparently healthy for about 1 to 2 months. In 
the case of severe acute hepatitis a few animals of the flock during the 
weeks following invasion manifest fever, lassitude, decrease of appetite, 
sometimes tenderness to pressure over the liver, palpability of the posterior 
border of the liver, and increase in the liver dulness; also a diminution 
in hemoglobin and red blood cells. 

In the chronic form the symptoms consist in gradually increasing 
anemia of the skin and mucous membranes; cold cedema of the eyelids, 
throat, chest and lower abdomen; and also chemosis under the con- 
junctiva, which may extend around the cornea and project from the 
palpebral fissure. Lassitude and genera] debility increase, the appetite 
is lost, the wool becomes dry and brittle and is easily pulled out or is 
shed in places spontaneously. At this time signs of ascites and hydro- 
thorax are present. Temporary or permanent loss of appetite is seldom 
absent, and there is usually moderate diarrhoea, seldom severe. A tem- 
porary rise of temperature is also sometimes seen. On the other hand, 
icterus is usually absent, although the palpebral conjunctiva may present 
a yellowish colour owing to the anemia of the submucous tissue. Wester 
often found the enlarged liver palpable on the right side behind the 
costal border. 

In the third month after infection—.e., usually at the beginning of 
winter—emaciation becomes increasingly pronounced; during the night’s 
rest the oedema in the region of the head and throat diminishes, but recurs 
in the day during pasturing, while the cedema affecting other parts of 
the body diminishes somewhat during movement and is increased by 
rest (Fig. 109). 

Cachexia supervenes, the milk becomes watery, and consequently 
sucking lambs suffer from malnutrition and die. Death takes place from 
exhaustion. 

Spontaneous cures in the clinical sense are not uncommon, especially 
in robust and older animals. Such animals gradually recover towards 
the end of the winter or the beginning of the following spring, but remain 
fluke carriers for a long time. Occasionally their health is impaired by 
lesions of the liver remaining after the flukes have disappeared. On the 
other hand, it is possible that numerous flukes may remain alive without 
causing disturbance of health while the animals are on pasture or on 
green food, and only give rise to manifest symptoms during the following 
winter. In this way may be explained the frequent occurrence of cases 
of distomatosis after dry years, during which any considerable new invasion 
can hardly take place. | 

In goats the symptoms comprise emaciation, anemia of the mucous 
membranes, reduced appetite, suppression of milk, a rough and dull 
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appearance of the coat, sometimes abortion or the birth of weakly kids. 
Wester found the liver often palpable on the right under the costal margin. 

In cattle, buffaloes and camels the symptoms resemble those seen in sheep, 
but. especially in adult animals, the course is less often severe, cedema 


Fic. 109.—CEDEMA OF THE THROAT (‘‘POKED ”’) 
IN DIsTOMATOSIS OF A SHEEP. 


in the region of the throat, dewlap 
and chest being rare, and the 
principal symptoms consisting in 
reduced appetite, occasional flatu- 
lence, diarrhoea, emaciation and 
retarded development. In more 
severe cases there is more or less 
definite increase of the liver dul- 
ness (Fig. 110), and sometimes 
the enlarged liver is palpable in 
the anterior angle of the right 
flank depression, and occasion- 
ally painful on percussion. In 
some cases the lungs are in- 
volved, giving rise to cough, 
especially in young animals, 
and in the case of heavy infec- 
tions there is continued or inter- 


mittent fever, the temperature sometimes reaching 41° to 42° C., and 
in such cases abortion is liable to occur. -Not infrequently, even after 


heavy infections, improvement 


unnoticed. Severely affected 
and especially young animals, 
however, gradually develop 
anemia and pronounced ema- 
ciation, and die from exhaus- 
tion. According to Pease and 
Velzen, many buffaloes die of 
distomatosis in the East Indies. 


In horses and asses disto- 


matosis is uncommon, and is 
usually manifested by emacia- 
tion, anemia and  dropsy, 
and occasionally icterus. Ac- 
cording to Pellkofer, cases 
have been observed in which 
there was sudden prostration, 
inability to stand, intestinal 
from peritonitis. 


may occur, or the disease may remain 
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Fic. 110.— INCREASE OF LIVER DULNEss IN DIsTO- 


MATOSIS OF A BULL. 


The dotted line indicates the normal, the continuous 
line the limits of dulness posteriorly and anteriorly, 
extending to the lung. 


catarrh, and sometimes fever resulting 


In hares and deer the disease is manifested by lassitude, emaciation, 
roughness of the coat, and in hares by increased appetite, diarrhea, 
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anemia without cedema, and a yellow coloration of the mucous 
membranes. 

In rabbits, the symptoms include emaciation, ascites and hydrothorax, sometimes cedema 
and icteric coloration of the mucous membranes. In rabbits and guinea-pigs de Does and 
_ Sohns described a special symptom in the form of unilateral or bilateral paresis of the hind 

legs resulting from the development of multilocular cavities consisting of a connective tissue 
capsule with dark brown fluid contents, and usually containing a fluke. In guinea-pigs 
subcutaneous cysts the size of a pea are also observed. In the early stages there is acute 
hepatitis caused by the migration of young flukes 1 to 3 mm. long (also flakes of exudation on 
the surface of the liver), while in advanced cases the liver may be free from distomatous GP ues 
The disease is usually fatal in these animals. 

In man the liver 1s enlarged and painful. There is also marked eosinophilia (32-4 to 47 
per cent.), leucocytosis and anemia, intermittent fever, and ova are present in the feces. In 
the early stage a cure may be effected by extractum filicis titratum, but in the later stages, 
when advanced cirrhosis of the liver has developed, treatment is ineffective. 


Course. In acute cases, which are on the whole rare, the animals 
(especially sheep) die 7 to 9 days after the appearance of symptoms from 
acute hepatitis. In some cases death occurs suddenly, possibly from 
cerebral embolism caused by the larve (Mikulas, in a cow which died 
after convulsions, found two flukes in the left cerebral hemisphere), but 
more usually from hemorrhage into the abdominal cavity. As a rule, 
however, the disease runs a chronic course, which is divided by Gerlach 
and Ziirin into four stages: (1) The stage of traumatic hepatitis, which 
begins shortly after infection, continues for 4 to 13 weeks, and is mani- 
fested by transient febrile symptoms, digestive disturbances, enlargement 
and tenderness of the liver. (2) The stage of chlorosis, which develops 
in the autumn, continues for 6 to 12 weeks, and is manifested by anemia. 
(3) The stage of wasting, which sets in with the winter months and is 
manifested by emaciation and cedema and often fatal. (4) The stage of 
migration of the flukes, which occurs in the spring (especially in May 
and June), and during which the symptoms may manifest temporary or 
permanent improvement. More recent experience has shown that this 
subdivision can only apply to an isolated case of severe infection of a 
limited number of animals, and does not hold good for the majority of 
infections, in which the symptoms cannot be arranged in definite order, 
and the migration of the flukes and discharge of the eggs may occur at 
varying times. 

Diagnosis. Although the clinical picture of chronic distomatosis 
presents great similarity to that of anemias and hydremias arising from 
other causes, also to tape-worm infestation, cachectic conditions, and 
to chronic gastro-intestinal catarrh, the diagnosis usually presents no 
difficulty, as owing to its epizootic nature there are generally dead or 
slaughtered animals available for post-mortem examination. Otherwise, 
however, a definite diagnosis can only be arrived at in the living animal 
by microscopic examination of the faeces for ova, bearing in mind that 
until the flukes have reached maturity—7.e., when they are 2 to 3 months 
old—there may be-no ova in the feces. By employing one of the methods 
of enumeration of ova (see p. 253) or the systematic examination of 10 
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preparations of feces in the case of cattle, and 5 preparations in sheep and 
goats, an approximately correct estimate can be made of the number of 
sexually mature flukes in the biliary passages; thereby the degree of in- 
vasion can be determined, and by this means it can be decided whether 
the symptoms are due to distomatosis. According to the investigations 
of Marek and Pataki, 6 eggs of Fasciola hepatica in 10 preparations of feces 
represent in cattle an average of 100 liver flukes; in sheep and goats 17°5 
eggs In 5 preparations represent 100 liver flukes. Again, every 2 eggs of 
the lancet fluke may be taken to represent 100 sexually mature specimens 
of this fluke in sheep, but in this case the figures are less definite, as the 
eggs are small and difficult to detect, and consequently microscopic 
examination may give a misleading result in an infected animal. The 
microscopic diagnosis can be rendered easier by a suitable method of 
concentration (see p. 253). The ova of liver flukes can usually be dis- 
tinguished from those of gastric and intestinal nematodes by their size and 
yellowish-brown colour and by the presence of an operculum and visible 
yolk cells. The ova of Paramphistomum cervi may cause difficulty in 
differentiation if attention is not directed to their larger size compared 
with those of Fasciola, their more distinct yolk cells and their transparent 
shells. 

The complement fixation test proposed by Weinberg, for which a 
filtered extract of liver flukes in physiological saline is used, is of 
little practical importance compared with microscopical examination, 
especially as it gave a positive reaction in 60 per cent. of sheep free 
from liver flukes, against 86 to 87 per cent. of those affected with 
distomatosis. 

Prognosis. Spontaneous improvement or recovery often takes place 
in the less severe forms, and may even occur in severely infested animals 
after treatment with anthelmintic remedies if the animals have not 
reached an advanced stage of exhaustion and cachexia, and if there is 
no advanced cirrhosis of the liver. Under comparable conditions young 
and weakly animals are more severely affected, especially lambs and kids. 

Treatment. The early experiments of Grassi and Caldruccio, 
Perroncito and Alessandrini and the later work of Railliet, Hall, Mont- 
gomerie and others have shown that distomatosis can be effectively 
controlled by anthelmintic agents, of which several preparations are now 
available. 

Etractum filicis—male fern—containing not less than 20 per cent. of the 
active principle filicin, was at one time very extensively employed, but 
while effective it is costly, and its use is now limited by economic con- 
siderations. ‘This preparation is administered to sheep and goats on 
5 or 6 consecutive days in doses of 1 gramme per 6 kilos body weight or 
as a single dose of 8 grammes mixed with two to five times its quantity 
of a bland vegetable oil. In cattle the curative effects are less regular 
than in sheep. Moussu has sought to show that instances in which the 
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drug has proved ineffective can be explained on the ground that the 
preparations employed were pharmacologically inactive. Marek intro- 
duced a proprietary preparation of male fern under the name of “‘danistol,”’ 
which is claimed to possess a constant content of filicin, to be absorbed 
in lipoid substances and also to exert a destructive action on migrating 
larve. It is usually given in gelatin capsules containing 1 gramme 

For cattle and buffaloes it is preferable to give danistol in combination 
with a lipoid solvent substance in large gelatin capsules. Extract of 
male fern, or its active principle, is also contained in a number of other 
proprietary preparations. The drug should not be administered to 
‘pregnant animals. | 

Carbon tetrachloride has proved a valuable agent in the control of 
distomatosis; it is much less expensive than male fern, and for this reason 
has largely supplanted it in practice. The drug is usually given as a 
single dose of 1 c.c. It is desirable that the animal should not be fasted 
nor should it receive an aperient previous to treatment. 

It has been shown by Montgomerie and others that immature flukes 
are relatively highly resistant to the action of carbon tetrachloride until 
they are about 9 weeks old; they have then reached the bile ducts 
and have attained considerable size. It is therefore recommended in 
the case of infestation by immature flukes, especially while these are still 
in process of migration in the hepatic tissue, that larger doses—5 c.c. 
and even 8 c.c.—be employed, or that the normal dose be repeated in 
a month’s time. 


These and even very much larger doses are well tolerated by sheep pro- 
vided that there is an adequate supply of-calcium in the circulating blood; 
should a hypo-calcemia exist, however, even minute doses may prove toxic. 
Cattle are regarded as particularly susceptible to the toxic action of the drug, 
and for this reason several authorities advise that in bovine distomatosis 
carbon tetrachloride should not be employed and that male fern should be 
substituted. 

Toxic symptoms are particularly lable to occur in pregnant and lactating 
animals and in those in the process of fattening; they are manifested by general 
hyperesthesia and tetanic spasms, followed by coma; death may result in 
2 to 4 days. On post-mortem exmination central necrosis and fatty infiltra- 
tion of the liver are present and may be accompanied by hemorrhagic foci 
in the subcutaneous and subserous tissues. 

Treatment consists in the parenteral injection of calcium boro-gluconate 
in doses of g0 grammes repeated at intervals of 8 to 12 hours. 

As a preventive measure it has been advised that the calcium, content of 
the diet be increased for 2 weeks before treatment, either by the feeding of 
clover or lucerne or by the addition to the food of assimilable calcium salts 
with vitamin D—e.g., cod liver oil. If the drug be given with a bland vegetable 
oil its rapid absorption is considerably checked. In certain flocks it may be 
advisable to treat a small number of sheep in the first instance to determine 
whether a special susceptibility exists. 


Tetrachlorethylene is also used in the treatment of distomatosis; it is 
also destructive to blood-sucking nematodes. Although related to carbon 
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tetrachloride it is practically non-toxic both for cattle and sheep, but is 
not-so effective in distomatosis. It is, however, destructive to blood- 
sucking nematodes in sheep. Its employment and doses are similar to 
those of carbon tetrachloride. } 

The drugs mentioned above, as well as others which have been tried, 
have little or no effect on Dicrocelium dendriticum, but this fact is of no 
practical importance, because this form of liver fluke seldom causes 
serious damage. 

In addition to medicinal treatment, the animals should be generously 
fed on concentrates—e.g., grain, oil-cake, good hay, bran, etc. 
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FIGs. I1I1 AND I12.—ADMINISTRATION OF CAPSULES IN Mass TREATMENT OF SHEEP. 


Fig. 111 shows introduction of the gag and fixation of the animal, Fig. 112 introduction of 
capsule through aperture in gag into the pharynx by slightly curved forceps. 


Administration of Extract of Filix mas. The quantity to be used, measured according to the 
number of animals to be treated and their weights, should be well shaken with the correspond- 
ing quantity of a bland oil, and the required dose again shaken and administered it 
possible after fasting. In cattle it can be administered by a narrow-necked bottle; in sheep 
and goats by a rubber tube 20 to 30 cm. long with a funnel at the free end. Other fluid 
vermicides can be administered in the same way. Filix mas can also be given in gelatin 
capsules. 

In individual treatment of cattle, capsules can simply be placed on the base of the tongue 
by hand, but in mass treatment it is more convenient to use forceps, slightly curved at the 
end and about 30 to 35 cm. long, by which the capsule is introduced into the pharynx while the 
tongue is held aside by an assistant. In sheep and goats an assistant secures the animal between 
his thighs and holds its mouth open and its tongue depressed by means of a smooth wooden 
gag provided with a central hole 3 to 4 cm. wide. ‘The capsule is then passed by means of for- 
ceps through the hole and along the hard palate. to the pharynx, where it is deposited and 
the gag then removed (Figs. 111, 112). For cattle and sheep Noller has devised a simple 
and practical form of muzzle in three sizes. If the capsule accidentally bursts in the mouth or 
pharynx, the administration of a fresh capsule is unnecessary if the animal’s head is raised so 
that the fluid cannot escape from the mouth. In the treatment of animals either in houses 
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or on pasture, the treated animals should be separated from those untreated so as to avoid 
confusion. 

Effects of Treatment on the Host. In a varying proportion of cases treatment by extract of 
filix mas or carbon tetrachloride is followed by reduced appetite, slight or moderate diarrhea, 
lassitude, and occasionally lethargy and paretic weakness. ‘These symptoms usually last for 
4to3 days. Ifthe prescribed dose is exceeded, symptoms of intoxication may appear, sometimes 
with a fatal result. Male fern should not be given to pregnant ewes. 

Effects of Treatment on the Parasites. Death of the flukes begins on the first day and may 
terminate in another 24 hours, but more usually it takes 2 or more days. The killed flukes 
first become lax and stretched out, and are stained green or greenish-brown by the bile, after- 
wards by the curling of their lateral borders they become cord-like or are transformed into band- 
like structures with traces of cuticle and intestinal diverticula. Sometimes only the posterior 
half of the fluke is destroyed (Fig. 113, 0), but the parasite succumbs later when at Jeast a third 
of its body is destroyed. After their death the parasites are soon carried away by the bile 
or disintegrate within the biliary ducts. On the other hand, the expulsion of the ova may 
continue for 2 or even 6 weeks, although most of them leave the body of the host within 2 weeks. 

The symptoms in the host subside rapidly; in 1 to 4 days the appetite returns, diarrhoea 
diminishes, the animals become more animated, the state of nutrition improves, and in 2 to 
3 weeks the mucous membranes regain their normal colour. Naturally the drug has no effect 
on the changes in the liver, although the process is arrested in all cases in which the flukes have 
been destroyed. For this reason the cure is not always complete when advanced cirrhosis 
of the liver has already developed. 

Parenteral Administration of Vermicides. After Marek had demonstrated the efficacy of intra- 
venous injections of vermicides, N6ller and Schmid introduced the method of intraperitoneal 
injection, which was also practised by other observers. By this method carbon tetrachloride is 
administered in doses of 2 to 4 grammes in liquid paraffin (1 to 4 or 5 parts in sheep). A 
combination of powdered danistol with hexachlorethane can also be used, dissolved in an 
equal part of refined terpene, olive oil or liquid paraffin (in doses of 2 to 4 grammes of each drug), 
a single dose of which is effective. Subcutaneous injections of carbon tetrachloride in liquid 
paraffin were also tried by Noéller and Schmid and others with good effect. A preparation 
containing carbon tetrachloride in neutral fat was * 
found to produce toxic effect and peritonitis. 

The most suitable site for injection in sheep is a 
spot free from wool on the left side of the abdomen 
about 10 cm. in front of the udder and 10 cm. to the 
left of the middle line; in cattle, the right flank de- 
pression. 

The best time for treatment is usually the end of 
autumn or the beginning of winter, when in cattle 
there are as yet no severe changes in the liver and the 
animals are still in good condition, but cattle with light 
infections may also be treated at any time of the year, 
as well as sheep and goats, under any circumstances, 
independently of the degree of invasion, provided 
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they are not exhausted by the treatment. In all cases a, Disintegrating fluke; 5, fluke 
treatment should be postponed in the presence of with posterior half destroyed 
infective diseases and in latent infections (in sheep, and rolled up; c, shrunken 
principally the streptococcus infection described by transparent fluke ; d, shrunken 
Gartner). The question whether the milk of animals cord-like fluke. 


under treatment may be toxic for man and animals is 

still undecided, although it has been found to contain hexachlorethane, tetrachloride of carbon 
and tetrachlorethyl. In practice no such toxic action is known, although the milk often has a 
bitter taste for 1 or 2 days. 

Repeated treatment at intervals of 1«or 2 months, when further invasion is possible, 
appears to be indicated, and also after treatment by carbon tetrachloride administered shortly 
after invasion in order to kill the larve which at the first treatment had not migrated from the 
hepatic tissue to the biliary passages. In Britain, in severe cases of distomatosis in sheep, it is 
advised that the flock be treated by the administration of 1 c.c. of carbon tetrachloride to each 
animal at monthly intervals during the period October to December; sheep appear to be more 
susceptible to the toxic action in early spring. . 

Other Methods of Treatment. According to Marek’s original observations, kamala was found 
fairly reliable in distomatosis of sheep, but had a tendency to cause severe diarrhoea. It 
was given in pills containing 4 to 7 grammes, according to the age of the animal. More 
recently other observers, and also Marek himself, found this drug unreliable. The same 
objections apply to other preparations containing kamala, turpentine oi), benzene, naphthalene, 
and carbon bisulphide. Noller and Schmid found intraperitoneal injections of extracts of 
herba absynthii and herba tanaceti to have an active effect. 
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Prophylaxis. Prevention by the removal of animals from wet and 
ill-drained pasture-land, although effective, is seldom practical for 
economic reasons. On the other hand, avoidance of wet ground, pools 
and ditches, and the provision of muzzles for draught cattle can usually 
be effected without much trouble. Also the provision of proper drinking 
places (drinking troughs supplied from a spring or tap water, with periodi- 
cal emptying of the water and drying), together with fences to protect 
the animals from suspected drinking places and ditches. In infected 
areas or farms the cattle can be protected by the institution of dry 
feeding, and individual animals by boiling the green food or suspected 
dry food; in the case of herbivorous animals by the installation of ap- 
paratus for grass drying, and also by converting the fodder into ensilage 
so as to destroy the fluke larve by heat (silo fodder). 

Under suitable conditions good results are obtained by the destruction 
of the fluke-carrying snails through draining and improvement of the 
land, or when large areas have to be treated, by treatment of infested 
meadows, pastures and waters with copper sulphate. Pastures and 
meadows are sprayed with 0-5 to 1 to 2 per cent. solution of copper 
sulphate—500 to 600 litres to 1 hectare (2$ acres)—or by applying a 
mixture of powdered copper sulphate with dry sand, lime or, better, basic 
slag (1 : 4 to 8), 800 kg. to 1 hectare. Pools and sluggish streams can be 
treated by filling small bags with the powder and placing them up-stream 
so as to ensure a gradual distribution of the solution of copper sulphate. 
In shallow stagnant water a solution of copper sulphate of sufficient con- 
centration to produce a o-oo1 per cent. dilution with the water is poured 
on the surface, in the case of muddy water in puddles and ditches suff- 
cient to produce a 0-2 per cent. solution. When the expense has to be 
considered, pastures for young animals can be fenced off and a section 
of a stream dammed up, disinfested and used as a drinking place. 
Although copper sulphate has a marked toxic action on the snails, in the 
usual quantity and concentration it has no effect on plant growth and is 
harmless to grazing animals (it may prove poisonous for fish). It is 
advisable, however, to remove the animals from the areas under treatment 
for a few days. Formerly French veterinarians practised spreading the 
pastures with sulphate of iron (300 to 500 kg. per hectare) or spraying 
with a 1 per cent. solution, and also manuring with freshly-made lime 
water (800 to 1,000 litres per hectare). In Germany infestation was 
controlled simply by manuring with a mixture of basic slag and nitrate 
of lime (1,200 to 2,000 kg. per hectare in the spring, 800 kg. for manuring 
later in June to July), and also by spreading common salt on the pastures 
and ditches (1,000 kg. or more per hectare). On the sea coast the intro- 
duction of sea water into the ditches has proved beneficial in the extermi- 
nation of liver flukes and their immediate hosts. Little effect can be 
expected from allowing ducks, geese and fowls on to infested pastures 
with the object of destroying the snails, but better results may be ob- 
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tained from the protection and increase of snail-eating wild birds 
(peewits, wagtails, starlings). The collection of Limnea and the con- 
stant clearing of ditches for a few years may effect an extermination of 
the snails. 

The distribution of fluke eggs can be to some extent controlled by 
removing the dung of animals infested with distomatosis to dry and 
higher ground or by destroying the eggs contained in it by means of 
packing and repacking the manure heap. Infested livers of slaughtered 


* animals should be sterilised by boiling before feeding dogs with them, as 


otherwise ova may be excreted with the feces in a viable condition. 
It is also advisable to give systematic and repeated anthelmintic treat- 
ment for several consecutive years to the whole of the affected flocks 
(controlled by examination of the faces), at the beginning of winter 
(October), and if necessary repeated twice at monthly intervals. 
Winter-housed sheep should be treated before and after pasturing. 


Other Trematodes in the Biliary Passages. The genus Opzsthorchis 
belonging to the family Opisthorchide, transparent lancet-shaped flukes with two 
slightly developed and closely approximated suckers, is represented by Ofisthorchis 
felineus (Distomum felineum), a reddish flat worm 7 to 12 mm. long. The ova 
are elliptical, with an operculum at one pole and at the other pole a small knob, 
and are 26 to 30X11 to 15pinsize. ‘They contain an asymmetrical miracidium 
when deposited. ‘Their first intermediate host is the fresh-water snail Bithynia 
leach, according to Vogel, but it probably inhabits other fresh-water snails 
(Limnea stagnalis, Dreyssensia). ‘The second intermediate hosts are fish belong- 
ing to the carp family (Leuciscus, Tinea, Idus, Catostomus), in the subcutaneous 
tissues of which cercarie from the snails become encysted. After the con- 
sumption of these fish by cats the metacercariz pass through the pylorus and 
enter the common bile duct, by which they reach the liver, where they reach 
sexual maturity in 3 or 4 weeks. The parasites cause dilatation of the biliary 
passages and chronic hepatitis in dogs, cats and foxes, also swine (and accord- 
ing to Guerrini in rabbits). Opisthorchis noverca was found by Lewis in cysts 
and purulent foci in a dog in India, and also O. caninus. In America, O. 
pseudofelineus has been found to cause cirrhosis of the liver in cats. O. simulans 
(14 to 16 mm. long) inhabits*the biliary passages of ducks. In cats, Eichholtz 
obtained a cure with fuadin, a preparation of bismuth (o-1 c.c. per kg. 
body weight subcutaneously). Oesterlin obtained good results with an arsenic- 
antimony preparation, 386 B (20 mg. per kg. intravenously for 3 doses at 
intervals of 6 days). 7 

Clonorchis sinensis, a worm 20 mm. long, infests the biliary passages in dogs, 
cats, pigs and man. ‘The ova are 26 to 30 p» long and 15 to 17 » wide, with an 
operculum at one pole and a projection at the opposite pole, and are yellowish- 
brown in colour. ‘Their first intermediate hosts are various snails (Parafossa 
rulus, Bithynia, Melania), the second hosts are fish of the family Cyprinide. 
For the expulsion of these parasites pills of gentian violet coated with salol 
have been recommended (Faust and Kalm), and also neostibnal, a mixture 
of sodium antimonium tartrate 1:0 and sodium tartrate 1-2 with an excess of 
sodium carbonate (Shirai). This is injected intravenously in doses of o-o11 
gm. per kg. every second day for 15 injections. 

Of the genus Metorchis, Metorchis albidus infests cats, rarely dogs and foxes, 
This parasite is 2°5 to 3°5 mm. long and the ova are 27 to 32X13 to 16 » in 
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size. ‘The second intermediate host is probably the fish Leuciscus. M. xantho- 
somus and M. orientalis are found in the biliary passages of water-fowl, especially 
ducks. 

Parametorchis manitobensis causes great mortality among the sledge dogs of 
North Manitoba. 

Pseudamphistomum truncatum is 2 to 2:25 mm. long and furnished with 
spines; ova 29X11 pinsize. Its second intermediate host is a fish. P. danubiense 
is similar but smaller. Both forms are found in cats, and P. truncatum also in 
the dog and fox. Maicrotrema truncatum, which is closely allied to P. truncatum, 
is found in the liver of swine in Formosa. 

Of the family Paramphistomide, Paramphistomum explanatum infests cattle 
and buffaloes in Cochin-China and Java. In severe invasions it causes dilatation 
of the biliary passages with a whitish-yellow coloration of the liver. In two 
cases observed by the author young paramphistomes all of the same size were 
found in the gall-bladder of cattle, but their identification was impossible 
because of incomplete development. 


(c) Cysticercosis of the Liver (Hepatitis Cysticercosa) 


This disease, which is caused by Cysticercus tenuicollis and Cystecercus 
pistiformis, is an acute or chronic hepatitis with secondary peritonitis. 

Etiology. In cattle and swine the disease is caused by Csticercus 
tenuicollis, the cystic stage of Tenia hydatigena (T. marginata); in rabbits 
and hares by C'ysticercus pisiformis, the cystic stage of Tenza pisiformis 
(TI. serrata). 

Infection takes place through the faeces of dogs infested with the tape 
worms in question, the proglottides and ova of which are deposited in 
drinking troughs and vessels, but more frequently on the ground in the 
neighbourhood of drinking places, and thus contaminate the water. 
By young pigs they are ingested also during rooting. 

Susceptibility is greatest in young animals, among which the disease 
may appear enzootically. 

Pathogenesis. ‘The oncospheres of the tape worms become free 
in the stomach and penetrate the wall of the intestine from the 
fourth hour onwards, and reach the branches of the portal vein in the 
liver. Most of them are driven into the portal branches, and° a few 
of them pass the hepatic capillaries and veins, and eventually reach the 
lungs or other organs. In the liver they penetrate through the walls of 
the vessels and then bore their way towards the surface. Many penetrate 
the liver capsule and enter the abdominal cavity, where they develop 
in the omentum, mesentery and peritoneum. Oncospheres remaining 
under the capsule also undergo development in the liver, as well as those 
in the bloodvessels of the lungs. 

Severe invasion produces effects similar to those caused by severe in- 
vasion by liver flukes (vide supra)—viz., acute hemorrhagic hepatitits with 
circumscribed or diffuse peritonitis, and when large bloodvessels are pene- 
trated, occasionally fatal hemorrhage. If the animals survive, the acute 
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hepatitis is followed by cirrhosis of the liver. Broncho-pneumonic foci 
and pleurisy may also develop. 

Pathological Anatomy. In acute inflammation (hepatitis cysti- 
cercosa acuta) the liver is not markedly enlarged. Its serous coat is often 
cloudy or covered with fibrinous deposits, its surface is uneven and nodular, 
and at the summit of each nodule is a minute opening. On section, the 
liver presents a speckled appearance (mosaic or trout liver) in which 
some of the lobules appear black or blackish-red, others pale red or 
greyish-brown, the darker coloured lobules being also enlarged. Some- 
times within the darker lobules yellow points or transparent acephalic 
cysts 3 to 4mm. long and 1 to 2 mm. thick can be seen on careful exam- 
ination. In a later stage burrows can be seen at first filled with blood, 
afterwards yellowish-grey and filled with tissue debris and exudate: 
The burrows are sometimes sinuous and sometimes are dilated at one end. 


Microscopic examination shows the presence of cysticerci surrounded with 
blood, and cell infiltration in the neighbourhood and also in the interlobular © 
connective tissue, especially at the angles of the lobules, and compression 
with degeneration of the hepatic parenchyma. 


Not infrequently there is acute peritonitis, or the presence of liquid 
blood in the abdominal cavity, in which numerous small pale-coloured 
oncospheres or young cysticerci can be seen. 

In chronic cases the condition is that of hepatic cirrhosis. 

Symptoms. In acute cases the incubation period is only a few days 
(in a kid infected artificially by Railliet it was g days). In young pigs 
the disease occasionally runs a peracute course, in which the animals cry 
out, spring up and drop dead without any apparent cause. In other cases 
the animals present a staggering gait, become listless, and die suddenly. 

As a rule the disease develops less suddenly, and is manifested by 
lassitude, great debility, intense thirst, and later by febrile symptoms due 
to peritonitis, with increase in size and tenderness to pressure of the 
abdomen, followed by rapid emaciation, the animals dying in a few weeks 
from exhaustion. 

In the chronic type, which is the usual form of the disease in rabbits (Neu- 
mann), there are digestive disturbances and a certain degree of cachexia. 

Diagnosis. A definite diagnosis can be made by the presence of 
oncospheres or young cysticerci (small cysts the size of a millet or hemp 
seed) in fluid withdrawn from the abdominal cavity by puncture. In 
most cases it is only decided by post-mortem examination, although in 
mass infection of young animals it is suggested by the symptoms and by 


the possible exposure to infection. In very early cases before any burrows 


are present it may be difficult, even at the autopsy, to diagnose cysti- 
cercosis from other acute forms of hepatitis, such as occur in acute in- 
fective diseases (swine erysipelas, hemorrhagic septicemia) and from 
acute distomatosis, without microscopic examination. In acute dis- 
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tomatosis the young flukes, which are at least 1 to 3 mm. long, are much 
more easily recognised in the burrows of the liver and in the abdominal 
cavity. 

Prognosis. ‘This is unfavourable in acute cases (Avéradere observed 
an enzootic in lambs with a mortality of 38 per cent.). Chronic cases 
are much less fatal, especially in older animals, and often present no 
symptoms. 

Treatment and Prophylaxis. In addition to symptomatic treat- 
ment, preventive measures should be taken by administering anthelmintic 
treatment to all dogs in the vicinity two or three times a year, and by 
keeping them away from susceptible animals. 


(d) Coccidiosis of the Liver (Coccidiosis Hepatis) 


Coccidiosis of the liver is a disease enzootic in rabbits and sometimes 
in hares caused by Lzmeria stiede and affecting the hepatic tissue and biliary 
passages. 

‘Etiology. Eimeria stiede (Coccidium cunicult) has a double capsule 
somewhat flattened at one pole and measuring 30 to 50 ys in length and 
14 to 28 w in breadth. (For the development of Coccidia see p. 341.) 
The mode of infection and the conditions which favour it are the same as 
in intestinal coccidiosis (g.v.), with which hepatic coccidiosis is associated. 

Pathogenesis. After dissolution of the odcyst the sporozoites 
become free and enter the bile duct, where they penetrate into the epi- 
thelial cells and undergo schizogony. This gives rise to proliferation of 
the epithelium of the bile duct and of the surrounding connective tissue, 
the formation of giant cells in the proliferated and partly necrotic wall of 
the bile duct, and also to periacinous changes in the liver similar to 
cirrhosis. The odcysts which are formed pass into the intestine with 
the bile and are evacuated with the feces. 

Pathological Anatomy. ‘The liver contains whitish-yellow nodules, 
varying in size from a millet seed to a hazel nut. ‘These consist of a 
connective tissue capsule containing creamy or caseous matter enclosing 
numerous o6cysts. According to Schlegel, Coccidia may be present in 
the contents of the biliary ducts, while the liver only presents swelling 
and slight reddening of the biliary ducts. 

Symptoms. ‘These consist in nutritional disturbances and emacia- 
tion, and later decreased appetite, flatulence, and in some cases icterus. 
Further symptoms are persistent diarrhoea, nasal discharge, and eventually 
convulsions or paralysis. Sometimes death occurs suddenly. Panizza 
found marked blood eosinophilia (36-4. per cent. eosinophil leucocytes). 
Young animals usually die in 2 to 3 months, and sometimes a whole brood 
of rabbits is destroyed. 

Diagnosis. ‘This is determined by microscopic examination of the 
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feeces for the presence of odcysts, which in this case are larger and more 
scanty than in intestinal coccidiosis, which, however, is often present at 
the same time. 


Treatment and Prophylaxis. This is the same as in intestinal 
coccidiosis (p. 353). 


Other Parasites in the Liver. Under some conditions the following may be of clinical 
importance: 

1. Strongyle Larve. In horses these larve reach the liver by the portal vein and give rise to 
burrows, as in cysticercosis. Schlegel found them in several cases of chronic hepatitis resembling 
the so-called Schweinsberg disease, in which the liver was enlarged to two or three times the 
normal size and contained minute nodules and narrow, winding burrows of a red, yellow or 
greenish colour, especially beneath the capsule. ‘The burrows and nodules contained caseous \ 
or calcified material harbouring Strongyle larve. 

2. Dioctophyme renale (Eustrongylus gigas) was found by Lissizin in the liver of a dog which had 
suffered for 3 days from convulsions. Rivolta also found it in a dog. 

3. Larve of Stephanurus dentatus were found in 100 per cent. of the livers of slaughtered swine 
by Pécaud in Dahomey, and by Bernard and Bauche in Annam in 40 per cent. The liver was 
enlarged by hyperplastic cirrhosis to double its weight, and presented white round spots and thick- 
ening of the portal vessels. 

4. Gnathostoma larve were found by Trattner in swine in Hungary. They cause no clinical 
symptoms, but give rise to focal cirrhotic changes in the liver similar to those described by 
Joest and Felber, with hemorrhage or suppuration in the ducts and pronounced eosinophilia 
in the proliferated connective tissue. ‘The larve are found within the arteries and the branches 
of the portal vein. 

5. Capillaria hepatica, a round worm common in rats, which gives rise to macroscopic changes 
similar to those of coccidiosis, was found by Morgan in wild rabbits. 

6. Ascarids sometimes wander from the intestine to the larger biliary ducts in horses and swine 
and give rise to colic, epileptiform attacks and fatal icterus. Occasionally the embryos of 
Ollulanus tricuspis, a parasite of the stomach, are found in the liver in cats. 

7. Macracanthorhynchus hirudinaceus (Echinorhynchus gigas), in a case of Stefani’s, completely 
filled the gall-bladder of a pig and caused fatal icterus by occlusion of the bile duct. 

8. Linguatula denticulata (Pentastomum denticulatum) was found by Gerlach and others in cachectic 
goats, and by Lungwitz in the liver of an apparently healthy ox in great numbers. ‘The capsule 
of the liver presented numerous openings (3 mm. wide) leading to cavities containing the larve. 

9. Protozoa may cause caseous hepatitis in young pigeons which is sometimes fatal. The liver 

is slightly enlarged and contains numerous irregularly rounded, greyish-yellow, dry caseous 
foci, associated with sero-fibrinous peritonitis. Trichomonas columbe (Cercomonas hepaticum), a 
protozoon with 3 flagella, is found in the intestine and respiratory organs of pigeons and 
migrates to the liver from the intestine. 
Martin and Daille found cavities in the fatty livers of geese the size of a walnut and resembling 
—echinococci. ‘These contained a yellowish gelatinous substance which on exposure to air resembled 
pus and contained numerous blastomycetes consisting of a membrane and granular protoplasm, 
5 to 31 win size, and often in the process of budding. For these organisms they suggested the name 
Cryptococcus anseris. LDiarmagnac and Barlette found white, sharply defined granulomata the 
size of a Jentil or pea (saccharomycetes) in the liver of young turkeys and fowls. 


SECTION VII 
DISEASES OF THE PANCREAS 


General Symptoms. Diseases of the pancreas are not always 
accompanied by digestive disturbances, because the functions of the 
pancreatic juice may be to a certain extent replaced by those of the other 
digestive secretions, and partly also by the intestinal bacteria. Disturb- 
ance of pancreatic function is manifested by the incomplete digestion of 
fats and the appearance of fats in the feces (steatorrhcea) in carnivora, 
the feces being of a grey colour and soft consistence with a characteristic 
fatty gloss, and containing fat-drops, together with a small amount of 
fatty acids and soaps. There may also be defective digestion of the proteins 
in the food, with the resultant presence in the feeces of remnants of meat 
with stainable nuclei (azotorrhoea, keratorrhcea). In carnivora also the 
faeces were found increased in quantity, and consist partly of undigested 
food and fat, with an unusual number of bacteria. In a case observed 
by the author a dog with congenital pancreatic aplasia consumed food 
equal to a quarter of its weight in one day (bulimia). Disturbance of sugar’ 
metabolism also occurs, and is manifested by emaciation and glycosuria, 
which can also be produced experimentally by removal of the pancreas. 

In carnivora the pancreas can be palpated through the abdominal 
wall in certain diseases, and valuable information may be thereby 
obtained, although it is difficult to differentiate between pancreatic lesions 
and tumours of the pylorus or enlarged lymphatic glands. In dogs and 
cats there is also difficulty in diagnosis when enlargement of the pancreas 
has caused icterus or ascites by pressure on the bile duct or portal vein. 

The functional activity of the pancreas can be tested by Cammidge’s reaction. Preller ob- 
tained a positive result with this test in a horse with pancreatic diabetes and Wester in dogs with 
pancreatic dysfunction, but this was not confirmed in Finzi’s and the author’s cases. ‘The test is 
performed by adding 1 c.c. of concentrated hydrochloric acid to 10 c.c. of boiled and filtered urine 
freed from sugar and albumin; this is boiled,-and when cool 5 c.c. are added to 5 c.c. of distilled 
water and neutralised by 4 grammes of lead acetate. To the filtrate is added 2 grammes of 
sodium acetate with 0-75 gramme of phenylhydrazin hydrochloride and the mixture boiled for 
3 to 4 minutes. In a positive reaction a precipitate is formed in 1 to 2 hours, which on microscopic 
examination is found to consist of yellow and green crystals. 

Schmidt’s nuclear test for determining the activity of the pancreas in digesting cell nuclei is 
easily performed in dogs. For this purpose pieces of muscle 0:2 to 0-5 cm. long are hardened in 
alcohol, washed in running water for 4 to 1 hour, tied up in gauze sacks and swallowed by the 
animal. ‘The sacks are easy to find in the feces. If nuclei are still present after staining with 
hematoxylin (Fig. 114) this indicates a deficiency of trypsin. Instead of muscle, Fronzig uses the 
washed and dried nucleated blood corpuscles of frogs or birds, which are mixed with the food. 
The adrenaline-mydriasis test gave positive results in dogs from which the pancreas had been 
removed. In this test 3 drops of 1 : 1,000 adrenaline solution are instilled into the conjunctival 


sac twice with an interval of 5 minutes. In severe pancreatic disease the pupil dilates owing to 
removal of the inhibitory action of the internal secretion of the pancreas on the sympathetic. 
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Catarrh of the pancreas was described by Mégnin and Nocard in a horse 
in which an accumulation of secretion in the pancreatic duct, new 
formation and contraction of connective tissue, with atrophy of the 
parenchyma, and also catarrh of the gall-bladder, were found. The 
clinical symptoms consisted in icterus, reduced appetite, lassitude, 
staggering gait, emaciation, and excretion of pale dry feces, terminating 
in 2 months by complete exhaustion. 

Chronic Pancreatitis (Pancreatitis indurativa). ‘This was observed by 
Siedamgrotzky in a horse, which exhibited loss of hair, cedema, leuco- 
cythemia and cachexia. The connective tissue was increased and 
cirrhotic, the parenchyma atrophied, and the ducts obstructed with 


s 


Fic. 114.—ScHmipT’s NucLear TrEsr FoR PANCREATIC ACTIVITY. 


Left, positive result in an 8-months-old dog with pancreatic aplasia (nuclei of sarcolemma and 
transverse striation present in the ingested muscle fragment); right, negative result in 
a healthy dog (nuclei and transverse striation absent, muscle fibres homogeneous). 


viscid mucus and calcified flakes. In a case reported by Weathley in a 
horse the pancreas was in a condition of advanced cirrhosis and weighed 
16 lbs., the ducts were dilated and contained albuminous masses. The 
animal exhibited emaciation, oedema and cutaneous erosions. In another 
horse Mello observed a variable appetite, constipation and diarrhea, 
especially after feeding, slight flatulent colic and vomiting; post-mortem 
examination revealed chronic pancreatitis, with focal necrosis of the fatty 
tissue and obstruction of the ducts. Poenaru and Nicolof found chronic 
pancreatic sclerosis and adhesions with the liver and hepatic duct in a 
horse which exhibited complete loss of appetite, rapidly increasing 
exhaustion, severe anemia (1,500,000 red blood cells in 1 cmm.), cedema, 
severe icterus and increased urobilin in the urine. Fox found in 0-8 per 
cent. of 3,567 wild animals examined either acute or chronic pancreatitis, 
the latter predominating in birds. 

Suppurative pancreatitis is rare, but has been observed in strangles 
(Reimers), after the entrance of a foreign body into the excretory duct 
(Schattler found a piece of wire in a horse, Goubaux a piece of straw, 
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and Bruckmiiller a needle in a dog). The symptoms were decreased 
appetite, emaciation, colic and tenderness to pressure in the lower 
abdomen. : 

Focal fat necrosis of the pancreas occurs in otherwise normal lobules in 
fattened pigs, and occasionally in dogs and horses. It gives rise to no 
clinical symptoms, unless in some cases they may be associated with 
multiple hemorrhages in the glandular tissue, when the condition is 
rapidly fatal. Thus, Prettner, Mettam and Schramek found hemorrhagic 
and necrotic foci with enlargement of the pancreas in dogs which were 
suddenly attacked with vomiting of bile, tension and tenderness in the 
upper abdominal region, shallow respiration, rapid pulse, abdominal 
pain and collapse (acute hemorrhagic pancreatitis, acute pancreatic 
necrosis or ‘‘ Balser’s disease’? in man). In one of Schramek’s cases the 
affection occurred after a generous meal in an animal which had sustained 
an injury to the abdomen a year previously, and in another case the 
affection was preceded by icterus and hematemesis. Similar changes are 
found in a horse after acute peritonitis and enteritis. 

Fat necrosis is probably due to the action of pancreatic ferments activated within the pancreas 
and diffused into the surrounding tissues, especially after the accidental entrance of the duodenal 
secretion, bile or fat into the excretory duct, chiefly in the presence of gall-stones. The rapidly 
latal result may be attributed to the toxic action of products of protein decomposition, which under 
the influence of proteolytic pancreatic ferments cause tissue necrosis. On the other hand, Bald 
considers that the cause of the necrotic process lies in an increased activity of lipase ferments 
in the pancreas, as in the pancreas of a fattened pig all three pancreatic ferments were present, 
but only the lipase was markedly increased. Patterson found fat necrosis in the intra-abdominal 
fat in apparently healthy cattle, and Verge the same condition in cats. 

Atrophy of the pancreas was found by Liénaux, Flynn and Sendrail in 
dogs which had died from diabetes mellitus (in a case of Liénaux the 
gland was 3 cm. long and 1 cm. broad, in Sendrail’s case it was the size 
of a bean, and in Flynn’s case absent altogether). In a case of pancreatic 
atrophy in a dog Miiller observed emaciation with normal appetite and 
the presence of undigested muscle fibres in the feces and absence of free 
hydrochloric acid in the stomach. 

Occasionally calculi are found in the pancreatic ducts causing dilata- 
tion, connective tissue hyperplasia and parenchymatous atrophy (Spartz 
counted fifty calculi and Ball and Cheifetz found numerous small calculi 
of the total weight of 70 grammes). Tumours which have been found in 
the pancreas include adenoma and carcinoma. The latter is usually found 
in the head of the pancreas, more commonly in dogs. Schlegel observed 
this in a cow. Melanoma has been observed in the horse (Bruck- 
miiller, Friedberger). Tuberculosis of the pancreas was described by 
Chaussé in a cow with general tuberculosis. Among parasites, echinococci, 
intestinal worms and strongyle larve have been found in the pancreas 
(in a case of Ludwig’s the gland was enlarged to four times its normal 
size and permeated with the larve). In an emaciated cat with chronic 
pancreatitis Nencioni found Opisthorchis felineus in the pancreas. In India, 
Cochin-China, Tonking, Java and Japan cattle are infected with Lurytrema 
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pancreaticum, which causes induration of the walls of the glandular ducts. 
In severe invasions, with involvement of the duodenum, this parasite 
may produce an enzootic disease both in cattle and goats (in Sen’s ob- 
servation 200 cattle and 30 goats were infected), with progressive anemia 
and emaciation. In South America, Burle de Figueiredo found chronic 
interstitial pancreatitis in animals infested by these parasites. | 

No reliable curative or preventive treatment is known. 


SECTION VIII 
DISEASES OF THE PERITONEUM 


1. Ascites (Hydrops Ascites) 


‘Etiology. Primary ascites arises from congestion of the area of 
the portal circulation, sometimes caused by pressure on the portal vein 
from tumours situated in the pylorus or pancreas, echinococci in the liver, 
enlarged lymphatic glands and cicatrices, or from thrombosis of the 
portal vein, but more frequently by chronic diseases of the liver (cirrhosis, 
echinococcosis, tumours). Of diseases of the peritoneum, the most 
frequent cause of ascites is tuberculosis, especially in cattle and dogs 
(according to Lesbouyries 50 per cent. of all cases), more rarely tumours 
(sarcoma, epithelioma, carcinoma), through compression of the larger 
mesenteric veins and lymphatics and also through obstruction in the 
lymph spaces. 

As a part of general dropsy ascites occurs from venous thrombosis, 
in diseases of the heart and some chronic affections of the lungs. 
This form of ascites may persist for prolonged periods, especially in 
dogs. 

In cachectic animals ascites occurs 1n connection with other dropsical 
conditions such as those caused by distomatosis, parasitic gastritis and 
pneumonia, or by continued feeding with succulent food such as turnips 
(cachexia aquosa). 

In young animals, especially dogs, apparently idiopathic ascites some- 
times occurs and may undergo spontaneous cure. According to Ham- 
burger, this may be due in some cases to a specific micro-organism, the 
Bacterium lymphagogon, which causes an increase in the formation of lymph. 

Pathological Anatomy. ‘The quantity of ascitic fluid in the ab- 
dominal cavity may in horses reach 170 litres (Brusasco), in mules 157 
litres (McIntosh), and in dogs 20 litres (Hérdt). The fluid is sometimes 
clear, sometimes turbid, yellow and containing a few flakes of fibrin. 
Its specific gravity is usually below 1,016, and its albumin content below 
3°5 per cent. When mixed with small quantities of blood the fluid 
appears opalescent, or by transmitted light yellow or green, in highly 
increased venous stasis red, and in cases with icterus greenish-yellow. 
The sediment consists of a few leucocytes, fatty epithelial cells, granular 
detritus, fibrin flakes, and a variable quantity of red blood cells (Fig. 115). 

The peritoneum in advanced cases is thickened and in some places 
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shows adhesions. The abdominal viscera are anemic and sometimes 


atrophic. Signs of a primary disease are often present. 


In chylous ascites (ascites chylosus) the fluid is grey or milk white, transparent or opaque, forms . 
a thick layer of fat on the surface on standing, and contains numerous small fat globules and 
lymphocytes. In one case Storch found 7-6 per cent. of fat, fatty granules, and small quantities 
of sugar, fibrin, globulin and albumin. Chylous ascites is observed chiefly in cats, but also 
in dogs. The pathogenesis is not yet clear. According to Poenaru and Georgescu fat may 
arise from ruptured chylous vessels occluded by peritoneal carcinoma or by coccidia in cats; 
also from a ruptured thoracic duct or from fatty degeneration of leucocytes. 


Chyliform ascites (ascites adiposus s. chyliformis) occurs sometimes in 
dogs and cats. It is distinguished from the previous form by its high 
content in fatty cells (leucocytes, endothelial cells, tumour cells), from the 
degeneration of which the fat arises. 


Fic. 115.—SEDIMENT OF AscITIC FLUuID. 


a, Endothelial cells infiltrated with fat; 6, white corpuscles; c, red corpuscles. 


A milky appearance of the ascitic fluid, without any increase in the fat 
content, may be caused by the presence of lecithin containing globulins 
or pseudo-globulins; this does not clear after the addition of ether and 
potassium hydrate. 

In two cases observed by the author a bile-stained effusion was formed 
in the abdominal cavity by rupture of the common and cystic bile ducts 
caused by accidental violence to the abdomen. Fe 

Symptoms. Large quantities of ascitic fluid cause symmetrical 
distension of the lower and lateral walls of the abdomen, the linea alba 
being somewhat extended downwards and the lateral walls outwards 
(Figs. 116, 117). In small, short-haired animals the distension appears 


roll-shaped beyond the costal margin, and may be so great that the lower 
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abdominal wall almost reaches the ground. In young (shearling) sheep 

the umbilicus sometimes bulges outwards. When the abdominal walls 

are lax there is often bilateral sinking of the upper part of the flanks, 

and in small animals sometimes sinking of the back, An important sign 

is change of form of the swelling in different positions of the animal, as 

the bulging is always most prominent at the lowest part of the abdomen, 
so that in a squatting position the hypo- 
gastrium is most prominent (Fig. 118), 
in the recumbent position the flanks, 
and on raising the hind quarters of the 
animal the anterior part of the abdo- 
men (this also causes severe dyspnoea). 
When lying on the side the upper side 
of the abdomen appears flattened. If 
the distension is very tense (which is not 
uncommon in dogs) the abdomen is 
barrel-shaped. 

If the abdominal wall is not too 
tense, intermittent pressure causes un- 
dulating movements in the fluid which 
are sometimes visible to the eye, and 
in large animals can be felt per rectum. 

Percussion reveals dulness, the upper 
limit of which is usually horizontal, 
but occasionally marked by an undu- 
lating line. The area of dulness alters 
in different positions, and in small 

“animals can be found to be most 

marked in the dorsal area in the re- 

_ cumbent position, and in the hypogastric 

Fic. 116.—DIsTENSION OF THE ABDOMEN and mesogastric regions in the squat- 

IN AsciTEs IN A Horse. ting position. Over the area of dulness 

the intestinal sounds are faint, and on 

intermittent palpation toneless splashing sounds can sometimes be heard, 

produced by the impact of the fluid against the abdominal wall. (Some 

authorities hold the view that “splashing”? sounds occur only when 
ascites is associated with the presence of gas in the abdominal cavity.) 

In order to relieve dyspnoea caused by pressure of fluid on the 
diaphragm, small animals adopt a squatting posture and avoid un- 
necessary movement. ‘The pressure on the abdominal organs causes 
constipation, tympanites and anorexia, and in dogs sometimes incon- 
tinence of urine. 

Course. Secondary ascites is of long duration, although an initial 
temporary improvement may occur, whereas apparent primary ascites in 
young dogs develops rapidly and sometimes subsides in a few weeks. If 
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the animals do not die from the primary disease they may succumb 
to exhaustion from the increasing accumulation of fluid, which often 


develops in other body cavities. 


p 
t 


‘ 


~ Diagnosis. The diagnosis depends primarily upon the presence of 


Fic. 117.—DIsTENSION OF THE ABDOMEN IN ASCITES IN A Doc. 


fluid in the abdominal cavity; this, 
in small animals, is easily determined. 
Changes in shape of the abdomen 
may be caused by the presence of 
large cysts or cavities filled with 
fluid (pregnant uterus, hydrometra, 
dropsy of the foetal membranes, 
ovarian cysts, distended bladder), 
and by large soft tumours (myxoma), 
which may exhibit signs on palpa- 
tion and percussion similar to those 
found in ascites and may also be 
movable. In small animals, by 
careful palpation behind the portal 
fissure, the rounded end of the cystic 
formation can sometimes be felt, and 
with fewexceptions there is no change 
in the shape of the abdomen. or in 
the area of dulness when the body is 
made to assume different positions. 
In larger animals valuable evidence 
may be obtained from rectal ex- 


Fic. 118.—DIsTENSION OF THE HyPoGASsTRIC 
AND PELVIG REGIONS IN THE SQUATTING 
Pos!TION IN ASCITES. 
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ploration. In dilatation of the bladder retention of urine is observed. 
Exploratory puncture is negative in the case of a tumour, and in an 
ovarian cyst produces a viscid fluid containing ciliated epithelial cells; 
in hydrometra and pyometra a turbid or purulent fluid. In obesity the 
shape of the abdomen is not altered by change of position, and an ex- 
tensive area of dulness is absent; also exploratory puncture is negative. 

Fluid effusion due to acute peritonitis can be excluded by the pressure 
tenderness of the abdomen and the acute febrile course of the affection, 
but in the case of chronic peritonitis the diagnosis is more difficult and 
‘may depend on the result of exploratory puncture. In: this case the fluid 
is turbid, with a specific gravity. of 1,016, a high albumin content (over 
3°6 per cent.), and contains fibrin flakes and numerous blood corpuscles, 
especially polynuclear leucocytes. Exceptions may occur in which the 
specific gravity in ascitic fluid may exceed 1,016, and in chronic serous 
peritonitis may be below 1,016, and consequently contain less albumin 
than 3-5 percent. Such cases can, however, be differentiated by Rivalta’s 
test for the precipitation of albumin by acetic acid. If a drop of the 
fluid is introduced into a dilute (1 : 2,000) solution of acetic acid and no 
precipitate other than a faint turbidity is formed, this indicates ascites. 
Rupture of the bladder is indicated by the odour of urine in the expired 
air, skin and puncture fluid; also the bladder is empty. 

With regard to the immediate cause, in primary ascites this is usually 
to be found in the portal area, whereas in general dropsy it is associated 
with diseases of the heart, lungs and kidneys or with hydremia. Excep- 
tions occur in which ascites is followed by cutaneous cedema due to 
transudation from the veins and lymphatics; on the other hand, ascites 
arising from general blood stasis sometimes persists for a prolonged period. 
In such cases, however, a careful examination of all the organs will 
reveal at least the situation of the primary cause. Hepatic diseases can 
frequently be recognised by the existence of jaundice and enlargement of 
the liver, in other cases by palpation of a tumour in the liver or portal 
fissure, which procedure can, if necessary, be facilitated by paracentesis 
abdominis in order to produce laxity of the abdominal wall. Diseases 
of the heart are recognised ‘by the presence of cardiac murmurs, arrhyth- 
mia, cyanosis and diminution of urine. 

Treatment. In young dogs, and occasionally also in horses and 
cattle, rapid improvement and even cure may be obtained by partial 
removal of the fluid. In less severe cases hydremic ascites in cattle also 
improves after generous feeding (good corn and hay). 

In other cases only symptomatic treatment is possible, and this is 
usually practised only in dogs and other pet animals. ‘To promote 
absorption of the fluid digitalis and strophanthus preparations may be 
given (see treatment of cardiac asthenia); also caffein (for dogs o-10 to 
0-20 gramme 3 to 4 times daily). Diuretics, such as potassium acetate 
(0-5 to 1°0 gramme 2 to 3 times daily), diuretin (0-5 to 1:0 gramme 
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2-hourly). Dehydration may be effected by laxatives such as Glauber’s 
or Epsom salts in concentrated solution, also Carlsbad salts and calomel 
in small doses (for dogs 0-06 to 0-10 gramme, possibly combined with 
jalapin). More recently favourable results and even cure have been 
obtained by gluconate of calcium (10 to 20 grammes daily per os for 3 
weeks), together with a salt-restricted diet. ‘Tyanger reported cure in 
a dog after the subcutaneous injection of 4 c.c. of the puncture fluid, and 
Cinicchio in two dogs and one cat by means of an exclusive milk diet. 

When the accumulation of fluid is considerable paracentesis. is neces- 
sary, and may require to be repeated several times. 


Puncture of the abdomen (paracentesis abdominis) may be performed with the animal in the 
standing position or lying down. Small animals can be held on a table and puncture performed 
in the flank. After shaving the hair, sterilising the skin with alcohol or ether, and painting with 
tincture of iodine a sterilised trocar and cannula is introduced into the abdominal cavity. ‘The 
fluid begins to flow after the trocar is withdrawn from the cannula, and during its flow care must 
be taken to avoid the cannula becoming blocked by the mesentery or a loop of intestine by moving 
it to and fro, or if necessary by passing a probe through it. After the fluid has been removed the 
cannula is withdrawn and the puncture sealed with collodion. 

Sometimes it is necessary to insert one or two sutures in order to prevent escape of fluid, which 
may occur in spite of displacement of the skin previous to puncture of the deeper parts. The appli- 
poe of a pressure bandage is advisable to prevent any rapid recurrence of the accumulation of 

uid 

To prevent such recurrence Sendrail and Cuillé recommend intraperitoneal injections of a 
20 per cent. aqueous solution of chloral hydrate. This is injected through the cannula after 
removal of the greater part of the ascitic fluid and repeated at increasing intervals if necessary. 
About 1 gramme of chloral hydrate per 3 kg. of body weight is employed. 


2. Peritonitis 


‘Etiology. Peritonitis is usually of infectious origin, and may be 
caused by Pasteurella, Staphylococci and Streptococci, Coli bacilli (especially 
in intestinal affections), Bacillus tuberculosis, B. pyogenes, Streptothrix (Actino- 
myces) canis, and sometimes by Bacillus anthracis and B. erysipelatis suis and 
others. In cases of peritonitis with pericarditis in horses occurring after 
protective inoculation against anthrax, Preisz found round or oval 
bacilli probably arising from the site of inoculation. Hamburger 
found the Streptococcus peritonitidis equi in a case of primary peritonitis 
in a horse, and Kernkamp observed enzootic streptococcal peritonitis 
in fowls. : 

Secondary causes of peritonitis are injuries or wounds of the abdomen 
(P. traumatica et operativa), sometimes due to operative interference 
(laparotomy, castration, herniotomy), more rarely to puncture. Blows 
with blunt objects. cause only localised peritonitis. The animals most 
liable to peritonitis are horses, owing to their susceptibility to infection 
with pyogenic bacteria. 

Bacteria reach the peritoneum from abdominal organs which contain 
them, especially if there is a breach of continuity (peritonitis perforativa). 
In this way foreign bodies often lead to peritonitis; also rupture of the 
uterus, vagina, or of the oviduct or a mature follicle; also rupture of the 
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urinary bladder or gall-bladder or of the stomach or intestine (occasionally 
caused by a severe blow on the abdomen). Peritonitis may also develop 
from rupture of abdominal organs infected with bacteria, as in suppura- 
tive processes in the liver, spleen, prostate, testicles, spermatic cord, 
mesenteric glands, uterus (metritis puerperalis), and occasionally through 
the small lesions caused by strongylid larve. In birds peritonitis often 
occurs in connection with prosthogonimosis (infestation with Prosthogoni- 
mus pellucidus) . 

Bacterial inflammation of the abdominal organs may also be caused 
by extension from the peritoneum or through the lymphatics, or from the 
uterus through the oviduct. The most dangerous are deep-seated 
inflammations and nutritional disturbances of the gastric and intestinal 
walls (in sheep and cattle after feeding with decomposing beets and 
turnips), and also inflammations of the internal urinary and sexual organs. 
Occasionally peritonitis may extend from a pleuritis to the peritoneum. 
Of the acute general infective diseases hemorrhagic septicemia often 
gives rise to peritonitis, more rarely other specific septicemias (anthrax, 
swine erysipelas, etc.). Lastly, bacteria may be carried to the peritoneum 
from remote organs. 

In fowls hyphomycetes (Aspergillus fumigatus, in Schieblich’s case in 
a pigeon Asp. flavescens) may be conveyed to the peritoneum from the 
air passages through the medium of the abdominal air sacs and give rise 
to peritonitis. Babei reported two cases in cocks after castration. An 
enzootic of this kind was observed by Lignieres and Petit in turkeys. 
Gougerot and Caraven observed a form of granular peritonitis in two 
young dogs caused by Sporotrichum beurmanni, and Christiansen mycosis 
of the peritoneum in a pig. 

Chemical substances (bacterial toxins, in nephritis retention products 
in the blood) are exceptional causes of peritonitis (peritonitis chemica). 
Animal parasites such as Dithyridium baillett (observed in carnivora by 
Baillet, Railliet and others), Cysticercus tenuicollis and liver flukes are other 
rare causes. 

Chronic peritonitis generally follows repeated attacks of subacute in- 
flammation in the neighbouring organs, while external or internal injuries 
(puncture, or in cattle perforation of the fore-stomach) give rise only to 
local adhesions. In draft oxen, according to Oppermann, there occurs 
a special form of chronic peritonitis with extensive adhesions, abscess 
formation and the accumulation of a foul-smelling, turbid, discoloured 
exudate containing fibrin flakes. ‘This condition results from repeated 
chilling of the abdominal walls when the animals are fed in the open 
and then lie down on the damp, cold ground during cold wet days in 
the autumn. Oppermann did not agree with the opinion of Fuchs, who 
attributed the cause in such cases to feeding with fermenting turnip 
chips or large quantities of chaff. Chronic peritonitis may also develop 
in tuberculosis and glanders and in connection with carcinoma, sarcoma 
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or other neoplasms, and also in cachexia. The cases frequently seen in 
horses in which there is a formation of pseudo-membranes are, according 
to Glage, the result of invasion by strongylid larve. 

Both in primary and secondary peritonitis secondary causes take part, 
such as exposure to cold, -debilitating influences, violent blows on the 
abdomen, etc. ee 

Pathogenesis. In spite of the considerable bacteriolytic power of 
the peritoneum, the settlement and multiplication of bacteria on the 
peritoneum takes place partly through increase in their virulence and 
numbers and partly through lesions of the endothelium caused by bacterial 
toxins, inflammatory or decomposition products from other organs, and 
also through extensive tissue destruction and hemorrhage occurring in 
laparotomy or after injuries. In such cases the bacteria escape lysis 
and consequent absorption, multiply rapidly and cause inflammation. 
Owing to the action of their toxins the bloodvessels dilate, the endothelial 
cells become detached, and the exudation of albuminous fluid rich in 
leucocytes commences. This soon coagulates and causes adhesions 
between the various abdominal organs. The fluid exudation, at first 
scanty, may disappear completely by absorption, leaving only an increase 
of fibrin, as in circumscribed peritonitis. According to the virulence 
and quantity of the bacteria and the remaining bacteriolytic capacity 
of the peritoneum, especially of the great omentum, the resulting 
peritonitis is general or local, but the latter may later on become 
generalised. 

Through the inflammatory irritation of the numerous nerve endings 
in the peritoneum persistent pain is produced, which is increased by 
pressure and also by change of position of the abdominal organs. . Owing 
to the great absorptive power of the peritoneum, bacteria and their endo- 
toxins (and in perforative peritonitis other toxic: material) enter the 
circulation in large quantities and give rise to general symptoms cor- 
responding in general to the extent of the inflammation. Peritoneal 
intoxication of this kind, in cases with extensive lesions of the abdominal 
organs, may cause death before peritonitis has fully developed. The 
intestinal movements are at first increased by the inflammatory irritation, 
but are later inhibited by reflex stimulation of the sympathetic; in severe 
cases also by the mechanical action of serous infiltration of the in- 
testinal muscles. The elimination of certain “bacteria and _ their 
toxins through the intestinal mucous membrane or their destruction 
in the intestinal contents may sometimes influence the intestinal move- 


=inents. 


Pathological Anatomy. In the early stages the peritoneum is 
reddened, dull, turbid and rough, and often studded with punctiform 
hemorrhages. Soon afterwards it becomes covered with fine fibrinous 
“membranes which are easily detached and may reach several milli- 
metres in thickness, but remain soft and friable. By these membranes the 
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opposing surfaces of the abdominal organs form adhesions (P. fibrinosa). 
At the same time a serous, turbid fluid containing fibrin flakes collects 
in the abdominal cavity (P. fibrinoso-serosa), the amount of which in the 
horse may reach 40 litres, and in cattle 100 litres. In other cases the 
exudate is purulent (P. purulenta), and in rupture of the stomach or 
intestine mixed with food particles or feces; in less rapidly pro- 
duced perforation the fluid is sero-purulent (P. ichorosa). In all 
cases the exudate may contain blood in varying amount (P. hemor- 
rhagica). , 

Chronic peritonitis is characterised by the formation of new connective 
tissue, which forms adhesions of the abdominal organs between themselves 
or with the abdominal wall. In cattle and sheep encapsuled abscesses 
caused by pyogenic infection are often found, and in chronic peritonitis 
in draft oxen the formation of a profuse foul-smelling exudate, as men- 
tioned above. In other cases the peritoneum is thickened and covered 
with connective tissue fibres or pseudo-membranes, a condition often 
present in the liver and spleen in horses. The inflammation is often 
limited to a small area, especially on the serous coat of the liver and 
spleen, at the site of puncture of the rumen or cecum, and in the 
region of the bladder and sexual organs (P. chronica circumscripta). 
In cattle and swine there is sometimes a formation of osseous plates, 
especially in the neighbourhood of an ovariotomy wound (Johne and 
others). 

Symptoms. As peritonitis is usually of a secondary nature the early 
symptoms are those of the primary disease, most frequently of severe 
gastric or intestinal disease, or of an affection of the internal female 
generative organs, from which peritonitis may develop gradually or 
suddenly. In peritonitis arising in the course of septicemias the symptoms 
are more or less masked by those of the septicemia, while in other cases 
the peritoneal symptoms predominate. 

In acute general peritonitis abdominal pain is the most prominent 
symptom, and persists till the end. The animal shows evidence of pain 
by whining, bellowing, grinding its teeth, looking round towards its belly 
and switching its tail. It avoids any sudden movement, stands with its 
feet close under the body, arches its back, while its head and neck are 
drawn backwards. Horses often try to lie down, and may fail in the 
attempt or succeed only after great care, while cattle generally remain 
standing and only lie’ down shortly before death. The pain causes the 
animal to walk stiffly and avoid short steps. There is also tenderness to 
pressure on the abdominal walls. The symptoms of pain vary in intensity 
in different individuals, and also in different species. In horses the 
symptoms of pain are evident, but evidence of pain on pressure on the 
tensely distended abdomen is rarely demonstrable. Small animals, on 
the other hand, exhibit most pain on pressure; in cattle the symptoms 
are less severe and may even be absent altogether. 
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In the early stages the abdominal circumference may be diminished 
because of reflex: contraction of the walls, but increases later with the 
accumulation of fluid. ‘The latter is accompanied by increased dulness 
on percussion, usually limited horizontally. Friction sounds are un- 
common, but are most often heard in cattle in the region of the reticulum 
as the result of traumatic gastro-peritonitis or in the right flank in metro- 
peritonitis. In large animals rectal exploration will reveal the rough 
and painful condition of the peritoneum, and in the case of rupture of 
the stomach or intestine the presence of ingesta. 

In carnivora and swine, and occasionally in horses, vomiting may be 
caused by irritation of the nerve endings in the peritoneum and gastric 
serosa, while extension of the inflammation to the diaphragmatic peri- 
toneum sometimes causes persistent hiccup (singultus). 

In the early stages the intestinal sounds may be well marked and 
accompanied by diarrhoea, but this is soon replaced by obstinate con- 
stipation (sometimes present from the onset), during which the intestinal 
sounds are suppressed. ‘This condition may be followed by meteorism. 
A common symptom is frequent and painful rectal tenesmus. Micturition 
is frequent and also accompanied by tenesmus (in perforative perito- 
nitis of the horse this is an important diagnostic sign). Respiration is 
accelerated and of the costal type, and the accumulation of fluid gives 
rise to increasing dyspnoea. 

Cuny mentions as a common symptom in cattle bilateral lachrymation, 
with a purulent discharge from the eyes, redness and swelling of the 
conjunctiva and cloudiness of the cornea, associated with a watery and 
later mucoid discharge from the nose. 

The temperature is usually raised and may reach a high degree 
without showing any special type (Fig. 119). In some cases of perforative 
peritonitis, and also in other forms, the temperature is below normal, 
either throughout the entire course or at the latest phase. 

Independently of any rise of temperature the pulse is accelerated 
from the onset, and may attain twice the normal rate. It is weak and 
even imperceptible as the result of the marked fall of blood pressure, 
which also accounts for the coldness of the extremities—especially pro- 
nounced in the ischial region and root of the tail in cattle—and 
cyanosis, and in part for the condition of prostration and lethargy. The 
appetite is generally suppressed. 

In severe septic infections (septic metritis, rupture of an abscess, etc.) 
peritonitis develops rapidly, often in the form of pyemia or septicemia, in 
which there is high temperature and prostration and persistent diarrhcea, 
but slight if any pain. 

Perforative peritonitis after rupture of the stomach or intestine is mani- 
fested by sudden prostration, coldness of the extremities, an accelerated and 
almost imperceptible pulse, profuse sweating, tenseness of the abdominal 
wall and uniform distension of the abdomen, followed by a rise of tem- 
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perature. Rectal exploration reveals roughness of the peritoneum and 
sometimes food particles, and exploratory puncture the presence of gastric 
or intestinal contents in the abdominal cavity. 

In acute circumscribed peritonitis (peritonitis circumscripta) the pain 1s 
usually less severe and only manifested on palpation in certain areas. 
The general symptoms are also less pronounced, and consequently those 
caused by functional disturbance of the abdominal organs are more 
prominent. ‘This form of peritonitis usually leads to permanent adhesions 
or to encapsulation of the exudate. 

Chronic peritonitis 1s manifested by emaciation, periodical rises of 
temperature, digestive disturbances and diar- 
rhoea, and in horses transient attacks of colic. 
A definite diagnosis is possible in such cases 
when there is tenderness to pressure limited to 
a definite location and when puncture reveals 
the presence of exudate. 


i 
aacale: 


Chronic peritonitis in draft oxen, according to 
Oppermann, is of insidious onset, commencing 
with diminished appetite, a slight rise of tempera- 


hoshie0l soft ture, and mild colic and diarrhoea lasting 1 to 
a Se 

apo . 2 days. After several such attacks the animal, in 

OOH 10) 4S} spite of the improved appetite, deteriorates in 


condition. ‘The coat becomes rough and broken, 
and the animal strains on defecation, which is 
accompanied by the entrance and expulsion of air 
through the relaxed anus (so-called “ blowers ’’). 
During these periods, which are continued over 
several months, the animal becomes emaciated, 
while the circumference of the abdomen is greatly 
increased, especially in the subcostal region. Over- 
exertion and the consumption of abundant food 
aggravate the condition. Further symptoms are 
groaning on movement, prolonged standing, pres- 
sure tenderness of the abdomen, and sinking of 
the eyeballs. Rectal examination shows immobility 
of the rectum. After further aggravation the tem- 
it) =f w perature falls, the-rumen is distended, and the 
animal dies in 7 to 8 days. 
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DirrusE PERITONITIS IN A Circumscribed chronic peritonitis gives rise 


ees with | ImpactioN only to disturbances in the neighbouring organs 
CALCULUS. (atony of the fore-stomachs, intestinal stenosis, 
etc.), the nature of which can seldom be deter- 

mined by rectal exploration or palpation of the abdomen. 
Course. Acute peritonitis sometimes develops so rapidly that death 
may occur on the first day of illness, sometimes within a few hours, 
especially after perforation, and occasionally after puerperal infection, 


in which cases the clinical picture resembles that of septic or putrid 
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intoxication. In the majority of cases the symptoms are of slower develop- 
ment and terminate fatally in 4 to 14. days, sometimes after a sudden 
fall of temperature and the onset of diarrhoea. The condition may 
gradually pass into the chronic form and may continue for months or 
years, manifesting itself similarly to cases which are chronic from the 
onset. | 

Diagnosis. In cases which are not too rapid in development the 
tenderness to pressure of the abdominal wall, the occurrence of con- 
stipation and meteorism, together with the suppression of gastric and 
intestinal movements and the weak and rapid pulse, which is present 
from the onset, form a characteristic clinical picture. Diagnosis, however, 
can only be made with certainty by the discovery of a primary disease 
condition, or by the detection of adhesions or fluid exudate in the 
abdominal cavity. 

In the horse symptoms of colic with weak and rapid pulse, restlessness 
caused by acute dilatation of the stomach and meteorism, severe thrombo- 
embolic blood stasis, and displacement of the intestine may lead to an 
erroneous diagnosis of gastro-enteritis; but in this affection there is 
diarrhoea, the intestinal sounds are distinct, and no roughness or tender- 
ness of the peritoneum is detectable on rectal examination. Other 
colicky affections may be distinguished by the absence of fever, the 
history, general symptom-complex, including the results of rectal explora- 
tion. It must always be borne in mind, however, that colic may 
eventually lead to peritonitis, especially in those forms associated with 
thrombosis and displacement of organs. In the dog torsion of the stomach 
may be mistaken for peritonitis. 

Chronic peritonitis can usually be diagnosed only by the presence of 
fluid exudate in the abdominal cavity or by its gradual development 
after an acute inflammation. Circumscribed peritonitis limited to small 
areas can be recognised only by the presence of adhesions with the 
neighbouring organs (see section on intestinal stenosis). ‘The differentia- 
tion between peritonitis and ascites has already been dealt with (vide supra). 

Prognosis. Acute general peritonitis is a dangerous affection, the 
prognosis of which is unfavourable, especially in cases of gastric or in- 
testinal perforation and in suppurative infection. Circumscribed fibrinous 
peritonitis, on the other hand, is often without danger, and may be 
unrecognised during life. The prognosis is also more favourable in 
localised peritonitis following external injuries. Extensive chronic 
inflammation with adhesions of the viscera leads to permanent digestive 
disorders and eventually to extreme debility and exhaustion, as also does 
the chronic peritonitis of draft oxen. 

Treatment. In peritonitis due to injuries of the abdominal wall 
the inflammatory process can often be prevented from spreading by 
immediate surgical treatment of the wound. A favourable result may also 
follow the incision and drainage of encapsuled abscesses, such as those 
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caused in cattle by foreign bodies. Even in certain cases of secondary 
peritonitis recovery may be achieved from timely surgical interference 
—by laparotomy, suture of intestinal wounds, resection of the intestine, 
irrigation of the abdominal cavity with boiled physiological saline solution 
cooled to body temperature, or with bland antiseptic solutions. Baldoni 
obtained recovery in a dog after 7 days by irrigation of the abdomen, 
and Coquet observed favourable results in two dogs with tuberculous 
peritonitis after exploratory laparotomy. Eitmann recommends irriga- 
tion through an opening in the vault of the vagina. 

To diminish the absorptive power of the peritoneum Wilms (in human 
surgery) advises intraperitoneal injection of 130 grammes of camphorated 
oil. For the same purpose Keller employs the application of tampons 
soaked in sterilised liquid paraffin (50 grammes in all) to the peritoneum 
after previous flushing with physiological saline solution (of four bitches 
with puerperal peritonitis treated in this way,-two with rupture of the 
uterus, three cases recovered). Other methods designed to check 
absorption include adrenaline, cold compresses (which also reduce in- 
flammation), inunction with mercurial ointment on the inner side of the 
thigh and on the abdomen (for horses 5 grammes, for dogs 1 gramme 
daily, so long as no salivation occurs). For the purpose of diminishing 
pain cold compresses are useful. Drugs of the sulphanilamide series 
may be tried. 

With the object of checking intestinal movements, which tend to 
spread the infectious material, opium is indicated (for horses or cattle 
5 to 10 grammes, for small herbivorous animals 1 to 3 grammes, for dogs 
o-1 to 0-2 gramme by mouth), or morphine (0-1 to 0-24. gramme or 0-008 to 
0-016 gramme subcutaneously once or twice daily). Easily digested and 
liquid food (milk, soup, gruel) should also be given. 

Constipation should be treated with castor oil, and in the case of 
dogs grey powder, Epsom salts or lukewarm enemata. To increase the 
blood pressure, caffein, camphor or adrenaline may be administered. 
Thum recommends inflation of the udder with air. 

For the removal of fluid puncture is necessary and may have to be 
repeated (vide supra). In some cases puncture of the rumen or intestine 
is necessary. 

In chronic peritonitis in dogs absorption may be promoted by cold 
compresses and brisk friction, or by the administration of potassium iodide 
(0-3 to 0-5 gramme daily) or by diuretics. Disturbances of contiguous 
organs must be treated as they arise. 


3. Tumours of the Peritoneum 


Incidence. In addition to tuberculosis and actinomycosis, the ~ 


neoplasms, either primary or metastatic, may develop in the peritoneum. 
Carcinoma, and more rarely sarcoma (melanotic), are found in the form 
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of multiple tumours of various sizes, with thickening of the peritoneum 
and more or less compression of the adjacent organs. Other tumours 
(fibroma, lipoma, myxoma, and occasionally angioma) are nearly always 
single. Joest observed in two fowls cysts in the omentum and mesentery, 
probably due. to developmental abnormalities. Schlegel found a cyst 
containing skin with feathers. The frequent occurrence in swine of 
air bubbles in the mesentery (pneumatosis cystoides, emphysema bullosum, 
entero-mesentericum) is attributed by Jager to invasion by a bacillus of 
the coli group (Bacterium coli lymphaticum aerogenes). According to Joest 
and Jarmai, this condition is due to the formation of gas produced in the 
cleavage of lactose absorbed in intestinal catarrh and in excessive carbo- 
hydrate diet, and its accumulation in the tissue spaces of the intestinal 
wall in the region of the mesenteric attachment. This condition, which 
has also been observed in a fowl and in a calf, and also in man, is of no 
clinical importance. | 

Symptoms. When symptoms are produced, these consist in in- 
definite digestive disturbances, sometimes abdominal pain and emaciation, 
and occasionally signs of intestinal stenosis or occlusion, the origin of 
which can be determined only by the positive result of external palpation. 
Of greater diagnostic importance is the development of chronic peritonitis 
-or ascites, especially of ascites adiposus or chylosus (vide supra), and also 
the detection of a primary neoplasm in one of the organs (testicle, udder, 
prostate). . 

Treatment. The only treatment consists in operative interference, 
and in the case of malignant neoplasms this is not hopeful. 


4. Animal Parasites in the Peritoneum 


In the horse, Setaria equina is a common parasite, but causes no interference 
with health. Occasionally echinococci are found (in a case reported by Toutey 
the pedicle of a cyst caused torsion). Cysticercus fistularis (according to Neveu- 
Lemaire identical with C. tenuicollis) and also strongyle larve and fully-developed 
specimens occur in capsules or in subperitoneal hemorrhagic foci. 

In ruminants, Cysticercus tenuicollis is frequently found, and in mass invasion 
causes acute peritonitis. Liver flukes and Setaria labiato-papillosa are rare. 

In swine, echinococci, Cysticercus tenuicollis and Stephanurus dentatus, occur. 

In carnivora echinococci are found, sometimes to the number of thousands, 
some free, others attached to the peritoneum, also Dithyridium bailleti. Penta- 
stomum denticulatum was found by Roche-Fontaine enclosed in cysts. Larve of 
Porocephalus armillatus (Pentastomum moniliforme) also occur. 

Dioctophyme renalis (Eustrongylus gigas) has been found in America in 0:37 
per cent. of dogs examined, usually in the abdominal cavity only. ‘The females 
are 35 to 102 cm. long and the males 25 to 30 cm., and are usually found 
singly. ‘The infested animals exhibit few symptoms, in spite of the develop- 
ment of chronic peritonitis, with a greenish or brown, odourless, adhesive, 
fibrinous exudate containing poly- and mononuclear leucocytes, and the 
formation of adhesions between the great omentum and liver, spleen and 
pancreas. Ruppert found the worm free in the abdominal cavity of a bear. 
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Tetrathyridium elongatum gives rise to hydrops ascites parasitarius (first described 
by Sendrail and Cuillé), which occurs in dogs in the region of Toulouse, 
one or two cases being found yearly in the clinic in that town. This differs 
from the usual form of ascites only in the presence of numerous small cystic 
bodies of various shapes in the puncture fluid. These bodies separate on stand- 
ing in the form of a doughy mass, and show independent movements. Accord- 
ing to Henry, they represent the aberrant larve of the tape worm, Meso- 
cestoides lineatus, which is found in the intestine of dogs and cats, and after 
their ingestion by an unknown intermediate host reach the serous membranes 
peritoneum, pleura and pericardium) and there remain in the larval state. 


DISEASES OF THE RESPIRATORY ORGANS 


SECTION I 


DISEASES OF THE NASAL CAVITIES AND ACCESSORY 
CAVITIES OF THE NOSE 


1. Nasal Hemorrhage (Epistaxis) 
(Hemorrhagia narium ; Rhinorrhagia) 


By epistaxis, in the strict sense, is understood bleeding from the vessels 
of the nose or from those of the accessory nasal cavities. 

Etiology. Epistaxis sometimes arises without any apparent cause, or 
should there be congenital predisposition, it may result from the slightest 
injury. Such congenital predisposition appears to occur especially 

‘in young thoroughbred horses and often disappears as they grow older. 

The most common causes are trauma to the head or nasal mucous . 

membrane, convulsive expiration, the punctures of parasites (Linguatula, 
Hemopis and Cstrus larve), penetrating foreign bodies and dust, and 
laceration of bloodvessels in fracture of the condyloid process of the 
maxilla and of the base of the skull. Other causes are determination of 
blood to the head in cardiac asthenia from any cause, and compression 
of the jugular vein. Less common causes are telangiectasis and 
angioma. 
_ Epistaxis may also result from ulcerative processes, as in glanders, 
more rarely from erosion of individual arteries (pharyngeal, internal car- 
otid, internal maxillary, nasal). Sometimes it occurs in specific diseases 
(anthrax, purpura hemorrhagica, variola), the hemorrhagic diathesis, 
and in some cases of ankylostomiasis in dogs. 

Symptoms. The bleeding may be unilateral or bilateral. The 
blood is usually bright red and may contain a few large air bubbles. It 
appears either in drops (epistaxis) or a thin stream, or in larger quantities 
(rhinorrhagia). If nasal catarrh is also present the blood may be mixed 
with mucoid or purulent secretion. When the loss of blood is considerable 
the animal shows signs of anxiety, the pulse is small and rapid and the 
mucous membrane appears pale, and in 8 to 12 hours or 5 to 8 days the 
animal may bleed to death. In the majority of cases, however, the 
bleeding ceases spontaneously after a time, and is as a rule only dangerous 
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when it recurs frequently in anemic animals or results from rupture of 
a large vessel in the course of severe infective diseases. 

Diagnosis. The source of the hemorrhage is usually easy to deter- 
mine, but its cause can only be discovered by consideration of all the 
conditions and careful examination of the nasal cavities, if necessary by 
the endoscope. In hemorrhage from the lungs the blood is also bright 
red, but also frothy, and there is often cough and dyspnoea. It may be 
difficult to exclude hemorrhage from the lungs when part of the blood 
from the pharynx reaches the trachea and bronchi, causing cough and 
becoming frothy. Hemorrhage from the guttural pouch in horses occurs 
without previous trauma in animals with symptoms of catarrh of this 
organ; it does not cease after arrest of the nasal hemorrhage and may 
give rise to attempted movements of deglutition and dysphagia by filling 
of the guttural pouch with clotted blood. In hemorrhage from the 
stomach the blood is brown, of an acid reaction, and is evacuated through 
the nose during vomiting. In bleeding from ulcers, when not too profuse, 
the blood may be mixed with mucoid or purulent material. 

Treatment. Apart from rest, this consists in the application of cold 
compresses to the forehead and nose, syringing the nasal cavities with 
astringent solutions (alum, tannin, sulphate of iron or chloride. of iron 
in 3 to 5 per cent. solution). If the hemorrhage is more severe or does 
not yield to the above treatment, the nasal cavities should be plugged | 
on one or both sides with absorbent wool tampons soaked in 8 to 10 
per cent. perchloride of iron, oil of turpentine, or 0-01 to 0-02 per cent. 
adrenaline solution. If both nostrils have to be tamponed, tracheotomy 
is necessary. ‘The tampons should be attached to threads to facilitate 
removal. Intravenous injections of a 2 per cent. solution of gelatin in 
0:4 per cent. saline solution may also be tried, and in horses intravenous 
injections of Congo red (50 to 100 c.c. of a I per cent. solution). Bleed- 
ing resulting from telangiectasis or ulceration may be arrested by cauterisa- 
tion with silver nitrate or the actual cautery. 


2. Nasal Catarrh (Catarrhus Narium) 
(Rhinitis catarrhalis ; Coryza) 


Aitiology. Acute nasal catarrh is most frequently caused by exposure — 
to cold, especially in the spring and autumn, in cold and damp weather, 
and in sudden changes of the atmospheric conditions. Other causes 
are the inhalation of hot air, smoke, dust and moulds. Stazzi found » 
Aspergillus fumigatus in two dogs affected with nasal catarrh, and Ziirn 
Mucor racemosus in the mucoid nasal discharge of a sheep. ‘The in- 
halation of pollen may determine nasal catarrh in sensitive animals 


(hay fever). 
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Foreign bodies introduced into the nasal cavities, intentionally or 
accidentally, in addition to erosion or ulceration, may also give rise to 
rhinitis (in a case of Nunn’s an ear of wheat, in a case of Parson’s a sponge). 
Injuries to the nasal mucosa have been produced intentionally in horses in 
order to mask the lesions of glanders. In some cases of nasal catarrh 
infection seems to play « a part, in which case the cu goat may appear 
enzootically. 

Nasal catarrh occurs as a secondary symptom in certain acute infective 
diseases, and also in inflammations of the other respiratory organs 
(pharynx and larynx). Inflammatory processes in adjacent tissues 
(bones, gums, etc.) may also spread to the nasal mucous membrane. 

Chronic nasal catarrh rarely develops from the acute form (in swine, 
according to Poels, it is then probably caused by streptococci), and is 
usually a secondary complication connected with affections of the neigh- 
bouring organs or the upper air passages. ‘The most common of these 
are glanders, neoplasms, parasites (Linguatula, Cistrus), catarrh of the 
accessory nasal sinuses, rickets, bronchial catarrh, pulmonary tuberculosis, 
and lung-worm infestation, etc. 

Symptoms. Acute nasal catarrh usually begins with local symptoms, 
only rarely with lassitude and a slight rise of temperature. Small 
animals often sneeze, shake their heads and rub their noses against their 
feet or on the ground, while larger animals often snort. Soon afterwards 
a thin and watery or viscid and turbid discharge appears from the nares, 
usually on both sides, which becomes more profuse, eventually purulent 
and less profuse, and dries on the borders of the nares. Afterwards 
the discharge again becomes clear and then ceases. The mucous 
membrane is red and swollen, and in small animals the respiration is 
often snuffling. In dogs asthmatic attacks sometimes occur, caused 
by the periodical accumulation of mucus between the turbinal 
bones. Sometimes rattling nasal sounds are heard. In some 
cases superficial erosions form on the mucous membrane, which in 
a few days become covered by new epithelium, and also thin-walled 
vesicles (rhinitis phlyctenulosa), caused by mucoid degeneration of 
the epithelium or by the accumulation of fluid exudate under the 
epithelial layer. These dry up and form crusts which soon become 
detached. 

A common complication is seen in acute conjunctivitis, with redness 
and swelling of the mucous membrane and lachrymation. Sometimes 
also dysphagia develops due to pharyngeal catarrh. The submaxillary 
lymphatic glands are often slightly enlarged and tender. 


Hay fever (‘‘ pollen disease ’’) is characterised by severe coryza with conjunctival catarrh, 
redness and swelling around the eyes and nose, and sometimes asthmatic attacks, and in specially 
sensitive animals is determined by inhalation of the pollen grains of certain grasses. In man 
it is known to affect those only who have a special susceptibility. As already mentioned, pollen 
may also cause nasal catarrh in animals, but whether the animals have a special susceptibility 
isnot known. Walther diagnosed as hay fever an enzootic catarrh of the upper air passages in 
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horses occurring when the grass was in bloom. Wilson observed an enzootic of purulent nasal 
catarrh which disappeared when the animals were in stall, but reappeared when they returned 
to pasture. 

According to Belschner, outbreaks of nasal catarrh observed in sheep in Australia are due to 
a filterable virus. After an incubation period of 15 days, go per cent. of the flock may be affected 
with nasal discharge, at first watery, but afterwards mucoid, hanging in strings from the nose 
and drying around the nares. 


In the usual form of catarrh the prognosis is favourable and recovery 
takes place in 1 to 13 weeks. In snub-nosed dogs (pugs, bulldogs), 
however, it tends to become chronic. 

In chronic nasal catarrh the discharge varies in character and quantity. 


Sometimes it is mucoid, viscid and transparent, sometimes more purulent. 


or even bloody and foul smelling. It is seldom abundant and at times 
may cease, later to reappear suddenly in greater quantity, especially 
on lowering the head (rhinorrhoea, blenorrhcea nasalis). ‘The discharge 
dries on the nostrils in crusts and sometimes forms a white streak below 
the inner nasal angle. The submaxillary lymphatic glands are generally 
enlarged, hard, but not adherent. 

The mucous membrane is bluish or brownish, or sometimes greyish- 
red, and also swollen or uneven (rhinitis prolifera s. hypertrophica). 
Cicatrices of various forms may also be produced. Catarrhal ulcers occur 
more frequently and in greater number than in the acute form. ‘The swell- 
ing of the mucosa causes snorting or snuffling respiration, and the masses 
of discharge sometimes accumulate on the turbinate bones and cause nasal 
stenosis (rhinitis concharum), and in such cases there may be thinning 
or deviation of the nasal septum. ‘The accumulation of secretion, especially 
in the snub-nosed breeds of dogs, gives rise to asthmatic attacks, which 
may occur after or during exercise. During these attacks, which last 
only a few seconds, the animal has an anxious expression and suddenly 
stands still with its forefeet spread apart, and makes snoring inspirations 
as if a foreign body were present in the nose. In a goat with catarrhal 
inflammation of the ethmoid cells Horneck observed the animal to hang 
its head and to press it against fixed objects. 


The name 0zena is given in human medicine to an atrophic rhinitis, a condition in which there 
is first atrophy of the mucosa and its glands and later of the submucosa and turbinal bones. 
The mucosa becomes covered with a varnish-like coating and yellowish-brown adherent crusts 
under which the masses of secretion undergo putrefaction. The expired air and the purulent 
nasal discharge mixed with greenish masses have a very offensive odour. According to Perez 
and others, this disease is always caused by the Coccobacillus fetidus ozene, according to Pollatscheck 
only in a proportion of cases. It is possibly transmitted from dogs to man by the hands. 
Subcutaneous injection of small quantities of pure cultures of the bacillus causes atrophy of the 
turbinal bones in rabbits. In about half the cases, according to Pollatscheck and others, the 
Bacillus mucosus fetidus is present. Ozana in the widest sense of the word includes all cases of 
chronic nasal catarrh in which the discharge and the expired air have a foul-smelling odour. 
Hébrant and Hermans observed a case of chronic nasal catarrh in a dog resembling typical 
ozena, with necrotic separation of parts of the bony framework of the nose, the ethmoid bones, 
and the osseous wall of the nasal accessory cavities. 


Chronic nasal catarrh is of long duration and often persists indefinitely. 
It also has a tendency to extend to adjacent organs—in horses to the maxil- 


NASAL CATARRH : 451 


lary sinus and the guttural pouch; in dogs, especially those of the snub- 
nosed breeds, to the frontal sinus. In cats a chronic, purulent nasal 
catarrh of unknown origin occurs, which eventually leads to enlargement 
of the nasal bones and thickening of the skin of the nose and enlargement 
of the submaxillary glands. In weakly sheep and lambs chronic nasal 
catarrh is liable to develop after exposure to cold and wet, and is accom- 
panied by chronic conjunctivitis and catarrh of the lower air passages, 
to which the animals often succumb. 

Diagnosis. It is sometimes difficult to distinguish between primary 
and secondary nasal catarrh, but by means of artificial illumination 
and endoscopic examination of the nasal cavities, together with complete 
investigation of the associated conditions, a diagnosis can usually be 
attained. Nasal glanders is distinguished by the presence of the charac- 
teristic nodules and ulcers or cicatrices, chronic enlargement of the 
submaxillary glands, and by the mallein test and complement fixation 
test, one or other of which should be employed in all cases in which the 
slightest suspicion of glanders is evident. Commencing strangles is 
characterised by acute involvement of the submaxillary lymphatic glands 
and by the coexistence of typical cases in the same stud. Specific nasal 
catarrh must also be excluded in other animal species. ‘Thrombosis of 
the nasal veins in blood stasis, marasmus and phlebitis in horses is charac- 
terised by the yellow or greyish-red nodules, sometimes arranged in the 
form of a rosary, in the mucous membrane of the nasal septum, and 
the absence of nasal discharge, disintegration of the nodules or involve- 
ment of the submaxillary glands. Empyema of the accessory nasal 
cavities (maxillary sinus, frontal sinus, sphenoidal sinus) is recognised 
by a unilateral nasal discharge which increases during movement and on 
lowering the head, by the slight or transient changes in the nasal mucosa, 
and by tenderness to pressure over the affected area, which is sometimes 
distended, and if necessary by exploratory puncture (trephining). 
eee of the guttural pouch in horses is characterised by signs 
similar to those of catarrh of the nasal sinuses. 

Treatment. Acute nasal catarrh usually subsides after removal 
of the cause. It is of primary importance to keep the animal in a 
sheltered airy place free from draughts and to feed generously. In 
severe cases accompanied with fever, profuse discharge and stertorous 
respiration, irrigation with physiological saline solution containing 1 per 
cent. sodium bicarbonate may be performed. If there is much irritability 
of the mucous membrane, equal parts of this solution with milk are bene- 
ficial, or (particularly in cae cases) the nasal cavities may be treated 
with oily substances (oleum amygdale with 1 per cent. menthol, thymol, 
eucalyptol, creosote, guaiacol or balsam of Peru), applied by means of 
an atomiser. In horses these substances can be applied directly by means 
of an applicator. | 

Astringent solutions for irrigation include 1 per cent. alum, 0-2 to 0°5 
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per cent. tannin; antiseptics, 2 to 3 per cent. boric acid or borax, 1 per 
cent. creolin, 0:1 to 0-5 per cent. potassium permanganate solution. In- 
halations of these substances in a finely divided state are also useful. 
In cases with very profuse secretion irrigation with 1 to 2 per cent. 
sulphate of zinc solution or inhalation of oil of turpentine (1 to 5 per 
cent. vaporised over hot water) are beneficial. If there is much swelling 
of the mucous membrane with nasal stenosis, 0-01 per cent. solution of 
adrenaline should be applied to the mucous membrane by tampons, 
or if necessary injected by syringe. 

Crusts can be removed with warm water, and simple ointment may 
be applied to the nares and upper lips. 

In chronic nasal catarrh local treatment is necessary by irrigations 
and inhalations. 


Inhalation. In large animals inhalation is performed by placing a vessel of hot water under 
the nostrils and enclosing the animal’s head with the vessel in a large cloth. If horses become 
frightened at this procedure a nose bag, the bottom part of which is cut off, can be applied, the 
vessel of hot water being held below it. Small animals can be treated by means of a steam kettle 
or a special inhalation apparatus may be used. Inhalations are open to the objection that most 
of the fluid is deposited in the lower part of the nasal cavities. 

More beneficial results are obtained by nasal irrigation by means of a large syringe connected 
with a rubber tube which is closed at the end and perforated at the sides. ‘This is introduced 
high up into the nares and the fluid injected under moderate pressure while the animal’s head 
is lowered. A gravitation irrigator with a similar tube may be used instead of a syringe, or 
special forms of nasal sprays. In small animals, in which the introduction of a tube is difficult, 
it is better to use asyringe with a perforated olive-shaped attachment to the nozzle which closes the 
nares for the duration of the injection. Pointed soft nozzles may be applied to syringes, and in 
birds a glass tube shaped like an eye dropper with its fine point bent at an angle may be used. 


In treatment of the upper portions of the nose and of necrosis of the 
turbinal bones these methods are insufficient, and it is usually necessary 
to resort to operative procedure by trephining the nasal cavity, followed 
by irrigation. 

Internal treatment is superfluous, apart from the administration of 
atropine in cases of excessive secretion. 


Nasal Catarrh with Cutaneous Desquamation in the Nasal Region 
in the Horse. ‘This affection is probably caused by damaged food from which 
irritating substances come in contact with the skin in the neighbourhood of the 
nose and mouth and the nasal and buccal mucous membranes. In an outbreak 
observed by Okrész, 58 of a stud of 64 horses were affected in 7 days after the 
consumption of straw from a certain source, but the affection did not spread 
to other animals. In addition to nasal and buccal catarrh there was profuse 
desquamation of the skin of the lower part of the head in the form of large, thin, 
dark brown scales of epidermis, giving the surface a peculiar ragged appearance. 
Habacher observed erosions of the buccal mucous membrane and rhagades on 
the borders of the lips, and in an outbreak reported by Roger and Blanchard, 
caused through the consumption of mouldy hay, the symptoms included swelling 
of the eyelids and a purulent nasal discharge; also dogs affected at the same time 
succumbed. In another enzootic seen by Faure and Pommer the skin was 
swollen and exuded a yellowish fluid. Change of fodder and the application 
of boric ointment usually effect a cure in a few days. 
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Benign Infectious Nasal Catarrh of Cattle. his affection, described 
by Dieckerhoff as ephemeral infectious nasal catarrh, occurs in adult cattle 
and occasionally in calves, sometimes as a herd infection. The causal agent is 
unknown, and iis relation, if any, to malignant catarrhal fever or croup of 
cattle or to infectious catarrh of the upper air passages has not been deter- 
mined. 

The incubation period does not exceed 2 days. ‘The symptoms consist in 
diminution or loss of appetite, lassitude, a rise of temperature to 40° C., lachryma- 
tion and swelling of the eyelids, watery mucoid nasal discharge, injection of 
the conjunctiva and nasal mucosa. Adult animals recover in 1 to 1} days, 
more rarely after 2 to3 days. Ina calf, Dieckerhoff observed a fatal termination. 

Benefit often follows upon proper regulation of the diet. 


3. Enzootic Nasal Catarrh of Birds (Coryza Avium 
Enzootica) 


(Contagious coryza; Roup) 


Under the name of enzootic nasal catarrh, or coryza, are included 
several catarrhal affections of the nasal mucosa and associated mucous 
membranes which give rise to general symptoms, but of which the etiology 
is not yet definitely known. 

Incidence. The disease may affect birds of all species, but occurs 
principally in fowls, especially in the young birds, most frequently in 
spring and autumn. It causes great losses from its high mortality and 
reduction of the output of eggs, and by its resulting in ill-developed young 
birds. 

‘Etiology. The primary form of enzootic coryza is due to infection 
in birds whose resistance has been reduced by environmental conditions, 
especially by exposure to cold and wind in the wet months of spring and 
‘autumn. Other predisposing causes are fatiguing railway journeys 
and bad conditions of housing, feeding and management, especially the 
housing of newly purchased and insufficiently acclimatised birds in damp, 
ill-ventilated and overcrowded houses ; also intestinal catarrh resulting 
from too rich or faulty feeding. As the result of these and other predis- 
posing causes the resistance of the birds is lowered and the bacteria 
normally present in the mucous membranes are enabled to multiply and 
pathogenic micro-organisms to invade the tissues. Both these bacterial 
forms produce toxic substances which set up inflammatory processes in 
the mucous membranes of the head and also affect the whole organism. 
The pseudo-diphtheria bacilli, spirochetes and staphylococci, formerly 
described by different observers as the causal organisms of the 
disease, are to be considered as normal inhabitants of the mucous 
membranes. These and other saprophytic microbes invade the mucous 
membranes of debilitated birds, and may then occasionally attain such 
a degree of increased virulence that henceforth they can infect also birds 
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without any predisposing cause. ‘There are many cases of a contagious 
nature, however, in which the action of typically pathogenic organisms 
appears to be concerned (coryza infectiosa). These may either lead 
a saprophytic existence and only attack the mucous membranes on the 
occasion of a predisposing debilitating influence, as has been demonstrated 
by Manninger and Medveczky with regard to Pasteurella avis, or may be 
virulent without any predisposing cause. Thus it has been shown that 
the contents of the nasal and accessory cavities when introduced intra- 
nasally or into the conjunctival sac in healthy fowls will give rise to the 
disease in 12 to 48 hours. Of the pathogenic micro-organisms concerned 
there may be mentioned bacteria of the Pasteurella group having the 
morphological, cultural and pathogenic characters of Pasteurella aviseptica, 
the less virulent representatives of the latter being enabled under favour- 
able conditions to produce symptoms of primary infectious coryza without 
any other symptoms of fowl cholera. On the other hand, de Blieck, 
with a micro-organism named by him the Bacillus hemoglobinophilus coryze 
gallinarum, after eight passages reproduced the disease with all its typical 
symptoms. Elliot and Lewis and others obtained a bacterium, Hemo- 
philus gallinarum, in pure culture which, when injected intramuscularly, 
reproduced the disease and was again obtained in pure culture from the 
inoculated bird. Wynohradek produced a filterable virus correspond- 
ing to an attenuated fowl-pox virus which, when inoculated, gave rise to 
coryza in 61 per cent. of birds, and in 53 per cent. local diphtheria of 
the buccal cavity. 

As a secondary condition enzootic coryza occurs in consequence of 
A-avitaminosis (nutritional roup). ‘This develops usually in the spring 
or early summer in birds which have insufficient green food during 
the winter, and is probably due to secondary bacterial infection of the 
avitaminotic mucous membrane. A clinical picture corresponding to 
coryza is often observed in the course of fowl cholera enzootics, usually 
towards their termination. It is also generally recognised that fowl 
pox and fowl diphtheria, especially in young birds, sometimes appear 
in the form of coryza accompanied by emaciation, for which reason some 
observers regard enzootic coryza as a purely catarrhal clinical form of 
fowl diphtheria. 

Pathological Anatomy. In primary coryza, in addition to the usual 
signs of emaciation and anemia, are found large quantities of gelatinous 
or purulent mucus and sometimes pseudo-membranes and caseous masses 
in the nasal passages, conjunctival sac and pharynx, chiefly in the posterior 
nares. ‘(he mucous membrane is reddened, and on microscopical ex- - 
amination shows round-celled infiltration and eosinophilia without signs 
of necrosis. In avitaminotic coryza, yellow, punctiform nodules are found 
(due to the accumulation of caseous-like masses in the gland ducts) or 
deposits in the pharynx and cesophagus, sometimes also in the trachea, 
and often signs of renal gout. In coryza resulting from fowl cholera and 


NASAL CATARRH OF BIRDS 455 


fowl diphtheria infection other signs of the primary affection are absent or 
found only in the larynx and trachea. 

Symptoms. In primary coryza the symptoms commence with pro- 
nounced lassitude. The birds separate themselves from their fellows and 
sit with ruffled feathers and drooping wings. After one or two days the 
appetite is diminished, lachrymation occurs, also frequent sneezing and 
shaking of the head. ‘These symptoms are followed by the appearance 
of a nasal discharge, at first°watery, afterwards tenacious and yellow and 
emitting a peculiar odour. ‘This discharge dries into crusts which partially 
block the nasal passages and cause rattling and snuffling breathing through 
the open beak. The palpebral fissures become glued together with secre- 
tion; and in the conjunctival sac there is an accumulation of viscid 
fibrinous exudate loosely adherent to the mucous membrane, which causes 
the closed eyelids to protrude. ‘The cornea is cloudy but seldom ulcerated. 
The infra-orbital cavity sometimes projects like a tumour. Occasionally 
inflammatory cedematous swelling is observed in the submaxillary region 
or facial portion of the head, and also in the wattle and comb. In the 
bucco-pharyngeal cavity, especially in the region of the palatine fissure 
and base of the beak, a sero-mucous secretion accumulates, and the mucous 
membrane is reddened and sometimes coated with yellowish masses of 
exudate. Deglutition may be difficult, but more often the birds take no 
food owing to the closure of the eyelids, and rapid emaciation results. 
In laying hens, oviposition diminishes. In some cases acute intestinal 
catarrh may develop, which in pigeons with primary intestinal coccidiosis 
is regularly present. 

Course and Prognosis. The disease occasionally spreads rather 
rapidly and in some enzcotics may cause death in 1 to 3 days, but more 
usually after 3 to 6 weeks. In young birds the mortality may be 95 per 
cent., but adult birds often recover. 

Diagnosis. ‘This depends chiefly on the usually slow course of the . 
disease and the presence of a muco-purulent catarrh of the cephalic 
mucous membranes, in which the latter are coated with thick fibrinoid 
flakes easily detached without causing injury to the subjacent tissue. Simple 
nasal catarrh under unfavourable hygienic conditions also may affect 
several birds simultaneously, but does not spread farther ; the nasal dis- 
charge remains a thin fluid and the conjunctiva and pharynx are rarely 
involved. Sometimes there may be difficulty in deciding whether the 
coryza is primary or a clinical manifestation of fowl diphtheria. By 
repeated examination of the flock the diphtheritic nature of the disease 
is soon recognised by the discovery in a portion of the birds of true croupous 
_ and diphtheritic membranes, the removal of which reveals erosions of the 
subjacent mucosa. In pata cal cases the diagnosis is facilitated by rubbing 
an emulsion made from the suspected membranes into the feather follicles 
of a pigeon or a fowl from a flock free from infection, when in 6 to 8 days 
in the fowl and 4 to 5 days in the pigeon a local reaction will appear, 
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with redness and swelling of the feather follicle and slight oedema of the 


ce 


skin, and in the case of fowl diphtheria a general reaction will sometimes | 


alsoappear. On the other hand, if the rubbing with diphtheria vaccine 1s 
performed after a duration of at least 10 to 14 days of diphtheritic infection 
no reaction is produced (owing to the development of immunity in the 
interval), while birds affected with other diseases show a local reaction. 
Enzootic coryza developing intercurrently upon fowl cholera can some- 
times be recognised by the history of previous cases of septicemic fowl 
cholera and from the other symptoms present (joint swellings), and finally 
by the bacteriological and post-mortem findings and the results of blood ex- 
amination. Avitaminosis coryza is distinguished by the development of 
keratomalacia and the formation of pustular nodules in the cesophagus 
from which caseiform plugs can be expressed, as well as by inflammatory 
changes in the trachea, and histologically by hyperkeratosis in the 
epithelium of the nasal mucosa. 

Treatment. Local treatment consists in the removal of crusts of 
dried secretion followed by rinsing of the nasal cavities with lukewarm 
solutions of potassium chlorate (3 to 5 per cent.), or 5 per cent. boric 
acid, injections of copper sulphate solution (2 per cent.), or tannin 
(3 per cent.), or nitrate of silver (1 per cent.), or hydrogen peroxide 
(2 per cent.); also instillations of oil of camphor two or three times 
daily. Muro obtained good results with subcutaneous injections of ether 
(0-25 to 0-50 c.c.; for birds over 4 months old 0-5 to 1-0 c.c.). Swelling 
of the infra-orbital cavity requires early incision and irrigation for several 
days. Conjunctivitis can be treated by instillation of the above-mentioned 
solutions. In birds in which there occurs closure of the eyes by accumu- 
lated secretions hand feeding may be necessary. Rudolf recommends 
disinfection of the houses with chlorine gas, continued for 30 minutes 
and repeated eight times. The gas is generated in a glass vessel contain- 
ing 2 grammes of potassium permanganate and 10 grammes of hydro- 
chloric acid per 60 cubic metres of space. 

Careful attention is necessary to the hygienic conditions and to the 
protection of the birds from cold. 

Prophylaxis. As treatment of the disease is often ineffective, attention 
must be directed to checking its spread by isolation of the affected birds 
and protecting the healthy ones by cleansing and disinfecting their houses 
andruns. At the onset of the outbreak, when only a few birds are affected, 
the spread of the disease may be prevented by immediate slaughter of 
the infected birds. Recently purchased birds should be carefully examined 
before introducing them into the flock, and if necessary they should be 
kept in quarantine. The methods of combating coryza resulting from 
specific contagions must be adapted according to the nature of the 
causal agents. 


} 
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4. Infectious Rhinitis of Swine (Rhinitis Infectiosa Suum) 
(Malignant nasal catarrh of swine) 


This disease usually occurs in young pigs 3 to 6 months old. It is 
associated with the Bacillus pyocyaneus, and is characterised by hemor- 
rhagic, purulent inflammation of the nasal and ethmoidal mucosa and 
by hemorrhagic meningitis. 

‘Etiology. The Bacillus pyocyaneus is a slender, non-motile bacillus 
with rounded ends and a single flagellum at the posterior pole, but varying 
considerably in form. ‘The bacillus is found in the ethmoidal mucosa 
and in the brain. It stains with the usual aniline dyes and is Gram 
negative. 

Culture. In gelatin it grows at first on the surface, forming a circular depres- 
sion with green fluorescent borders. As liquefaction gradually extends down- 
wards the bacilli collect as a slimy mass at the bottom of the gelatin, while 
the surface is covered with a greenish-yellow deposit. On gelatin plates the 
bacillus first forms small,round, yellowish colonies, spreading rapidly with a dark 
yellow centre and green, fluorescent periphery. On agar it forms a thick 
greyish-yellow deposit which becomes bright green at room temperature and 
later dark green, and emits an odour resembling jasmine. On potato it forms 
a reddish-yellow growth which in 2 days becomes green. In bouillon it causes 


uniform turbidity and on standing a green coloration of the upper strata. 
It coagulates milk. 


Pathogenicity. Small experimental animals (mice, guinea-pigs) die 
after subcutaneous injection of cultures in 2 to 5 days, after intraperitoneal 
injection in 36 hours. In young pigs inoculation of cultures in the 
ethmoidal mucosa (after trephining the nasal sinuses) causes the symptoms 
and post-mortem changes of the disease, death taking place in 24 hours 
to 8 to 10 days according to the quantity of the culture inoculated. 
Intravenous injection of cultures causes only a temporary rise of tem- 
perature. (According to Leuson, it is doubtful whether B. pyocyaneus 
is capable of causing infectious rhinitis.) 

Infection takes place from the nose, into which the Bacillus procyaneus, 
which is widely distributed in nature, can easily penetrate from manure, 
straw, etc., when the animals are rooting. Koske’s inoculation experi- 
ments, however, indicate that other modes of infection also are possible. 
In an infected herd the disease is spread through the nasal secretion. Older 
animals are very slightly susceptible to infection. 

Pathogenesis. On the nasal mucosa the bacilli multiply rapidly, 
and in a comparatively short time reach the upper parts of the nasal 
cavities and ethmoidal sinuses, where their toxins give rise to hemorrhagic 
inflammation which extends to the cerebral meninges. The bacterial 
toxins which are absorbed by the blood cause a rise of temperature and 
extravasation of blood into various organs. According to Koske’s experi- 
ments, the toxin alone is capable of producing the disease. 
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Pathological Anatomy. ‘The nasal mucosa is of a dark red colour, 
which, according to Imminger, decreases in intensity in an upward 
direction. In the ethmoidal cells blood clots are often found, and in more 
advanced cases a hemorrhagic purulent exudate, together with deviation 
and atrophy of the bony partitions. ‘The frontal sinus usually contains 
serous fluid. Hamorrhages are found under the periosteum of the ethmoid 
and vomer and in the sheaths of the olfactory and optic nerves. In the 
meninges and between the cerebral convolutions there are extravasations 
of blood and sometimes coagula. The brain is cedematous and the 
ventricles contain a clear reddish fluid, and blood clots may be found on 
the choroid plexuses. | 

Symptoms. The disease commences with a rise of temperature 
up to 41° C. or over and diminution of appetite. Soon afterwards the 
animals show signs of anxiety and restlessness and make a peculiar blowing 
noise as if to expel a foreign body from the nose. Now and then they rub 
their snouts on the food-troughs or walls of the pens. Usually on the 
second day bleeding from the nose occurs or a reddish, mucoid, purulent 
or serous blood-stained discharge. Respiration becomes increasingly 
laboured and stertorous. In severe cases there is swelling of the nasal 
region and of the submaxillary lymphatic glands. In 1 to 3 days definite 
cerebral symptoms develop, manifested by increasing unrest and even 
maniacal excitement, and also convulsions. ‘This condition is followed 
by stupor. 

Course and Prognosis. ‘The disease generally runs an acute course, 
and in some enzootics is always fatal or renders slaughter of the animals 
necessary, usually in 3 to 6 days and sometimes on the first or second 
day. Insome cases it takes a chronic course in which the severe symptoms 
abate, but the appetite remains irregular or may be suppressed. Slight 
epistaxis occurs at long intervals and mild convulsions appear, the general 
condition gradually deteriorates, and in a few weeks or months the animals 
dies "Recovery is rare: 

Diagnosis. ‘The acute onset with high temperature, the symptoms 
of acute inflammation of the nasal mucosa and meninges without swelling 
of the facial bones are sufficiently characteristic for diagnosis. Dystrophic 
enlargement of the facial bones is distinguished by its afebrile course and 
the pronounced deformity of the face with protrusion of the hard palate 
into the buccal cavity. In this case nasal catarrh only develops after the 
disease has existed for a long time. Nasal stenosis due to tuberculosis 
or actinomycosis develops slowly without any special general symptoms, 
and usually without epistaxis, and in such cases diagnosis can be decided 
by microscopical examination of the nasal secretion. In epistaxis occur- 
ring in peracute cases of swine fever, symptoms of rhinitis are absent and 
severe gastro-intestinal symptoms are present. 

Treatment and Prophylaxis. In the absence of any effective form 
of treatment the best procedure would appear to be immediate slaughter 
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of the affected animals. Nasal irrigation with antiseptic solutions and 
also injections of dilute adrenaline may be tried. 

Healthy animals should be. isolated and treated periodically with 
nasal irrigations of antiseptic solutions ; also the pens must be disinfected 
» and kept clean. 


Chronic Purulent Hemorrhagic Rhinitis with Atrophy of the 
Turbinate Bones in Swine (Rhinitis Chronica Atrophicans). ‘This 
affection occurs in young pigs up to 6 months of age in certain regions of Germany 
and Denmark, and has recently been observed enzootically in North America 
(often affecting 25 to 40 per cent. of the young pigs of a herd), where, owing 
to the deformity of the facial bones, it is known as “‘ bull nose of pigs.” 

Astiology. The disease has been attributed to a congenital predisposition 
in animals with relatively short snouts and greatly atrophied turbinate bones. 
Owing to this condition the animal has difficulty in expelling foreign bodies 
which occasionally enter the unusually roomy nasal cavities, and the irritation 
of the foreign bodies with an associated secondary bacterial infection sets up 
a chronic purulent or purulent-hemorrhagic nasal catarrh. 

Jensen showed that the disease was transmissible from affected to healthy — 
animals, but that a congenital predisposition was also a possible factor, as in 
5 to 10 per cent. of the healthy animals slaughtered a developmental anomaly 
of the turbinate bones was found. By other observers the disease is regarded 
as a chronic form of Pyoéyaneus rhinitis, or due to infection with Bac. pyogenes 
suis, or with Spirochetes. ° 

Pathological Anatomy. ‘Yhe post-mortem changes consist chiefly in croupous 
and necrotic processes in the nasal mucosa, atrophy of the turbinate bones, 
and deformity of the facial bones. In some cases chronic pneumonia and 
metastatic abscesses are found. 

Symptoms. ‘The first symptoms observed are snoring or snuffling respiration, 
a watery, bloody or purulent secretion from the nose, frequent sneezing and 
epistaxis, rubbing of the snout against fixed objects. ‘These are followed by loss of 
appetite, emaciation and conjunctivitis. Ata later stage there develops shorten- 
ing of the snout and definite enlargement:of the facial bones (the median portion 
of the upper jaw and snout). Attacks of dyspnoea, sometimes relieved by 
epistaxis, may also occur. ‘The animals succumb to cachexia if they are not 
destroyed as incurable. 


Treatment. ‘This can only he effective in the early stage of the disease, 
and consists in the administration of 10 to 20 drops of Lugol’s solution 
twice daily with the food for 4 weeks, inhalations of oil of eucalyptus, or sub- 
cutaneous injections of 2 to 5 c.c. of a 5 per cent. solution of atoxyl. At the 
same time hygienic measures are necessary, together with careful feeding and 
the avoidance of inbreeding. Schneider recommends nasal irrigations and 
* the exclusion of affected animals from the breeding herd. 


5. Contagious Rhinitis of Rabbits (Rhinitis Contagiosa 
Cuniculorum) 


(Rabbit snuffles ; Rabbit distemper ; Malignant snuffles) 


This is a polybacterial affection of the air passages and other respiratory 
organs and usually appears enzootically. 

“Etiology. This disease, which was originally regarded as a coccidial 

rhinitis, has been shown by the researches of Beck, Kraus, Roger and Weil, 
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and others to be of bacterial origin. At least five different forms of bacteria 
have been described as causal agents. In a proportion of cases Beck’s 
Bacillus pneumonicus, a small, slender, motile Gram-negative organism 
resembling the influenza bacillus, was concerned, together with its several 
variants. Other bacterial forms are the Bacillus C’ of Siidmersen, the 
bacilli described by Roger and Weil, Setter, Jacobsohn and Koref, Raebiger 
and Sustmann, and possibly also that of Grosso, all of which probably 
belong to the Pasteurella group. On gelatin plates they form small finely 
granular colonies with sharply or slightly dentated borders, and on agar 
an abundant, greyish-white, iridescent deposit which does not coagulate 
milk and forms no indol. A bacillus recently described in America as 
the Bacillus lepisepticus (Webster), which is certainly a form of pasteurella, 
resembles and is probably identical with the B. pneumonicus. As _ this 
bacillus corresponds to the B. cunzculisepticus it may be assumed that 
this organism is most frequently concerned, and therefore that con- 
tagious rhinitis of rabbits usually represents a form of pasteurellosis 
(Manninger). 

As regards the other forms of bacteria, the small, non-motile, Gram- 
positive Bacillus of Kraus, and probably the bacilli described by Tarta- 
kowsky, Siidmersen (strains A, B, E, F) and Schwer, and possibly also 
the Bac. bronchisepticus, may all be regarded as much rarer causal 
organisms. 7 

Other bacteria which have been described include the Pyobacillus 
capsulatus cuniculi, which is characterised by its plump form, pleomorphism 
and capsule formation, and also a bacillus which sours milk and a 
hemotoxin forming bacillus. 

Infection usually takes place by the inhalation of particles of nasal secre- 
tion which become dry and enter the nasal cavities either directly or with 
dust. Food contaminated by nasal secretion also plays an important 
part, as well as transmission by the hands of attendants. ‘The importance 
of bacillus carriers and excretors has been proved by Seifert. Variations 
in temperature also promote infection both in young and adult animals. 

Pathogenesis. The pathogenic bacteria cause acute inflammation 
of the mucous membrane of the nose and accessory cavities; after entering 
the blood they give rise to fever and in some cases (in certain enzootics 
in most cases) to inflammation of the serous membranes and also pneu- 
monia. From the nasal cavities the inflammation may also extend 
to the deeper air passages. | 

Pathological Anatomy. The nasal and pharyngeal mucosa is 
red, swollen and covered with masses of pus ; the nasal sinuses and often 
the bronchi contain purulent secretion. The lungs show hemorrhagic 
and cedematous infiltration and broncho-pneumonic perivascular foci, 
with serous, fibrinous or purulent pleuritis. Sometimes there is peri- 
carditis. ‘The pathogenic organisms are found in the nasal secretion 
and pulmonary exudate and in the blood. 
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Symptoms. The incubation period, according to Baudet, is 3 to 5 
days, according to other observers 6 to 14 days or even 4 to 6 weeks. ‘The 
symptoms commence with lassitude, moistness of the nares and sneezing, 
decreased appetite, and a rise of temperature to 40° C. or over. These 
symptoms are followed by a watery or mucoid secretion from the nostrils 
which moistens the hair around the nose and on the breast and forelegs. 
The nasal secretion becomes more profuse and from the second to fifth 
day purulent. The animals expel masses of secretion during sneezing 
and snorting and rub their snouts with their forelegs. ‘These symptoms 
are accompanied by coughing and severe dyspnoea, resulting from com- 
plication with bronchitis, pneumonia and pleuritis, signs of which can be 
detected by auscultation and percussion. In some cases of a less acute 
‘course inflammation of the middle ear may develop, manifested by 
posturing the head obliquely ; also meningitis or cerebral abscess, with 
symptoms of excitement. [I urther complications are pyemia and suppura- 
tive processes due to the Pyobacillus capsulatus, and complication by infective 
pleuro-pneumonia of rabbits, when the disease takes an especially malig- 
nant form. Biss fe 
| Course and Prognosis. Death may occur in 3 to 5 days, after 

rapid exacerbation of the symptoms (acute form), or in less severe cases 
after 15 to 18 days (subacute form), and in other cases the symptoms may 
undergo improvement and the disease continue in chronic form. Acute 
cases always end fatally, and even in subacute and chronic cases recovery 
is rare. According to Webster, the incidence of the disease varies with 
the time of year, being highest in September and October, when it may 
affect 50 to 60 per cent. of the animals, diminishing in March and April 
to 50 per cent., and in the summer months to 20 per cent. incidence. 
The appearance of the disease is preceded by the prevalent occurrence of 
the Bacterium lepisepticum in the nasal mucus. 

Diagnosis. ‘The severe local symptoms accompanied by high tem- 
perature appearing at the onset of the disease are characteristic, and 
by the agglutination test bacillus carriers can be detected also. In 
coccidial rhinitis, fever, lassitude and dyspnoea are less severe, at least 
at the onset, and microscopical examination will reveal the presence of 
coccidia in the nasal secretion, while inflammation of the serous membranes 
is absent. ‘‘ Salivation of rabbits,” a special form of vesicular stomatitis, 
is distinguished by the absence of fever and general symptoms, by the 
occurrence of salivation in the absence of nasal discharge, and by the 
appearance of vesicles and papules on the lips. 

Treatment and Prophylaxis. Nasal irrigations with antiseptic 
solutions as a rule have no effect. A reliable, cheap and easily applied 
method is the chlorine treatment recommended by Tscheredkow, in which 
in a room previously sealed up as far as possible is placed a glass vessel 
containing 2 grammes of potassium permanganate and 10 c.c. of hydro- 
chloric acid per 30 cubic metres of space. The animals are placed in the 
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room in the chlorinated atmosphere thus produced for 50 to 60 minutes, 
after which the room is thoroughly aired. Improvement begins on fie 
day of treatment and in 3 to 6 days the discharge subsides. It is claimed 
that it is only rarely necessary to repeat the treatment in a week. 
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Prophylaxis consists in isolation of the healthy from the diseased and — 


suspected rabbits; also the provision of separate attendants for the care 
and feeding of each group of animals. If these measures are im- 
practicable, the affected animals must be slaughtered and their carcases 
destroyed at the onset of the outbreak. ‘The hutches must also be cleansed 
and disinfected and newly purchased animals must be kept under ob- 
servation in quarantine for 14 days or possibly subjected to the agglutina- 
tion test. As regards the prophylactic value of Raebiger’s treatment by 
immune serum, opinions are at variance. 


Infectious Rhinitis of Guinea-Pigs. This affection, which resembles 
infectious rhinitis of rabbits, was observed by Kaspar and Kern and found to be 
due to the Micrococcus tetragenus. ‘Ihe disease is spread by the cocci eliminated 
in the nasal discharge, and also by bacteria carriers. It is not transmissible 
to other animals. 

The symptoms in the acute form consist in a Ryo fise mucoid nasal discharge, 
frequent sneezing, severe diarrhcea, ending fatally with convulsions in a few days. 
In protracted enzootics chronic cases are observed in which abscesses develop 
in the lymphatic glands, under the skin and within the muscles. The animals 
become emaciated, and die after several weeks. Recovery is rare. 

Infectious Rhinitis of Cats. ‘This is also an enzootic infection affecting 
chiefly the cephalic mucous membranes, the deeper air passages and the thoracic 
organs, and was formerly regarded as distemper. In Germany it was attributed 
by Gartner to the Bacillus felisepticus (see Croupous Pneumonia), and in an 
enzootic occurring in Leyden de Jong found a streptococcus. 

There is reason to believe that the causal agent is a filterable virus. 

The symptoms consist in decreased appetite, frequent sneezing and profuse 
sero-mucous nasal discharge, which in 2 to 3 days becomes purulent, dries in 
crusts which obstruct the nares and cause mouth breathing. Respiration is 
laboured and often accelerated and accompanied by loud snorting. ‘There is 
often a weak, hollow and painful cough and also severe conjunctival catarrh, 
at first serous but later purulent.. The temperature varies between 39:5° to 
41:6° C. At first the animals appear dull and morose and later become 
apathetic. In protracted cases emaciation, anemia and debility develop. 

In Gartner’s cases the disease usually terminated fatally in 3 to 6 days, 
in Larrat’s cases in 8 to 14 days and was usually accompanied by croupous 
pneumonia, and in Larrat’s cases also by conjunctivitis, pharyngo-laryngitis 
and ulcerative stomatitis; while in de Jong’ s cases the disease ran a chronic 
course with a tendency to recovery. 


6. Croupous Rhinitis (Rhinitis Crouposa) 


Croupous rhinitis is an intense inflammation of the nasal mucosa, 
usually with extensive formation of pseudo-membranes. 
‘Etiology. Primary croupous rhinitis sometimes develops in horses, 


more rarely in cattle, after the inhalation of hot air and smoke (especially ~ 
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in conflagrations). In most cases, however, the cause appears to be 
represented by bacterial infection. Roll observed transmission of the 
disease to healthy animals and Obolenski and others have reported 
contagions spreading in the form of enzootics. ‘The suspected micro- 
organism is not yet determined, but in horses the Streptococcus equi cannot 
be excluded. In a case of the author’s in a mare the disease followed 
streptococcal mastitis, and in cases reported in cows parenchymatous 
mastitis was present. Reinhardt and Hofherr observed croupous 
inflammation of the nasal, pharyngeal and laryngeal mucosa in a cow 
with mastitis necrotica caused by coli bacteria, and Gerlach found the 
same organisms in the pseudo-membranes of a calf infected with colli 
bacillary dysentery. 

Secondary croupous rhinitis develops in the course of several specific 
diseases (cattle plague, malignant catarrhal fever, purpura hamorrhagica, 
strangles, etc.). 

Symptoms. The disease commences with symptoms of severe acute 
nasal catarrh, soon followed by the formation of thick grey or reddish- 
yellow pseudo-membranes on the red and swollen mucous membrane. 
These membranes may be limited to small areas or may form extensive 
and continuous patches, which are easily detached, exposing red, finely 
granular, bleeding erosions of the mucosa. After a few days the pseudo- 
membranes are shed spontaneously, the epithelium is replaced, and no 
trace is left. 

The nasal discharge is at first yellow and tenacious and later contains 
shreds of pseudo-membranes. In severe cases the respiration 1s laboured 
and snoring, and the nasal region and submaxillary lymphatic glands, 
together with their afferent lymphatics, are swollen and tender. In rare 
cases nodules or ulcers are seen around the nares similar to those occurring 
in follicular inflammation of the nasal mucosa. In the case of Zwick 
and Weichel membranous deposits were formed on the muzzle, exposing 
ulcers after their removal. The temperature is usually only moderately 
raised. | 

The course of the disease is usually favourable, and recovery takes 
place in about a week provided further involvement of the respiratory 
tract does not occur. 

‘Treatment. ‘This is similar to that for acute nasal catarrh. The 
shedding of the pseudo-membranes may be hastened by irrigation of the 
nose with 1 to 2 per cent. solution of bicarbonate of soda. Isolation of 
the affected animals is advisable in all cases not obviously due to external 
causes. 

Diphtheroid Inflammation of the Nasal Mucosa. ‘This condition occurs rarely as a 
primary affection resulting from traumatic, chemical or thermal influences or from infection 
with the necrosis bacillus. As a rule it is secondary to specific diseases (acute glanders, purpura 
hemorrhagica, strangles, malignant catarrhal fever, etc.). It is manifested by the formation 
of moist, or in acute glanders dry, deposits firmly adherent to the mucosa which disintegrate 


into yellowish caseous masses; these after their separation leav¢,deep, red or grey ulcers with 
raised borders, around which the mucosa is red, swollen, of “a gelatinous consistence and 
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sharply defined from the necrotic tissue. Respiration is laboured and snuffling and there is 
a muco-purulent discharge from the nose. ‘The affection is distinguished from nasal diphtheroid 
accompanying acute glanders by the absence of glanderous nodules and ulcers, by the applica- 
tion of the mallein test, and also by serological examination. 


7. Follicular Inflammation of the Nasal Mucosa (Rhinitis 
Follicularis) 


(Rhinitis pustulosa ; Coryza pustulosa equorum) 


Follicular rhinitis is a specific inflammation of the nasal mucosa in 
horses, with swelling and softening of the mucous glands and often also 
of the sebaceous glands in the neighbourhood of the nostrils. 


Etiology. ‘The infectious origin of the disease is shown by its frequent © 


enzootic occurrence and its contagiousness. According to Kitt, Frohner 
and Zwick, the causal organism is identical with the Streptococcus equt. 

Symptoms. The disease commences with severe febrile nasal catarrh. 
In 2 or 3 days numerous miliary nodules appear on the reddened mucosa 
of the nasal septum. ‘These increase in size and become yellow in colour, 
and sometimes coalesce to form a yellow deposit, which after separation 
discloses small, shallow, bright red erosions with slightly infiltrated borders. 
These usually heal in a few days. 

Similar nodules due to swelling of the sebaceous glands develop on the 
skin of the ale nasi, the upper lip and the cheeks, and also form ulcers. 
The regional lymphatic vessels are usually enlarged, forming thick cords 
which sometimes suppurate. The submaxillary lymphatic glands are 
acutely swollen. Sometimes small nodules develop on the inflamed 
conjunctiva. Healing takes place in 2 to 4 weeks. 

Diagnosis. The affection differs from glanders by the simultaneous 
appearance of the nodules over an extensive area and the superficial 
nature of the ulcers, which soon heal without leaving any cicatrices. 

Treatment. ‘This consists in nasal irrigation with mild antiseptics 
and astringents, the application of astringent ointments to the affected 
parts of the skin, and inunction of the inflamed lymphatic glands and 
vessels with mercurial, 1iodoform, creolin or iodine ointments. 


Rhinitis Bullosa. Under this name Schnurer described an enzootic 
affection occurring in army horses during the world war. ‘This condition was 
later observed in Hungary among horses of the civil population. A similar 
disease was also described in army horses under the name of pseudo-glanders 
or acne nasalis. 

Aitiology. ‘The disease is probably of bacterial origin, as it tends to spread 
indefinitely, although infection by direct contact has not been observed. It 
is most prevalent in young and in old emaciated horses, often in a severe 
form. According to Sturm, the incubation period is 2 to 3 days. 

Symptoms. ‘Vhe affection commences with the appearance of punctiform 
hemorrhagic macule on the otherwise pale mucous membrane of the nasal 
septum, on one or both sides. ‘The macule are at first most numerous in the 
lower portion of the nasal cavity, and sometimes closely aggregated, so that the 
mucous membrane appears sprinkled with blood. After 2 to 4 days the macule 
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gradually fade and either disappear or become transformed into greyish-red 
or grey miliary macule with red margins and a pale centre and sometimes 
slight epithelial erosion. Occasionally the lesions heal in this hemorrhagic 
stage. 

In most cases he condition is followed by a nodular and vesicular stage in 
which the grey macule develop into somewhat hard, raised, greyish nodules 
the size of a bean, around which fresh hemorrhagic macule may appear. 
After 1 to 2 days the nodules are converted into greyish-yellow flaccid vesicles 
with an iridescent lustre. ‘These are soft, fluctuate on palpation, and burst 
on slight pressure or spontaneously, when a day old, discharging lymphoid 
muco-purulent contents, but on account of their spongy consistence retain their 
shape for 1 to 2 days longer. Sometimes pressure with the finger will express 
the contents into the tissue spaces of the adjoining mucosa, which then becomes 
pale or may present several small vesicles. Some of the vesicles may disappear 
in 7 days without leaving a trace. 

These stages of development are usually followed by an ulcerative stage 
(Fig. 120) in which, after shedding of the wall of the vesicle, shallow or more 
often deep crateriform ulcers develop which may extend to the cartilage. These 
are the size of a sixpence or larger, have a greyish-yellow base and are surrounded 
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Fic. 120.—ULcERs ON THE MucosA OF THE NASAL SEPTUM IN RHINITIS BULLOSA. 


a, Erosions; 6, ulcer reaching submucosa; c, reaching cartilage; d, perforating cartilage. 


by a red areola. The shallow erosions heal in a few days, but the deeper ulcers 
often form large ulcerated surfaces with irregular but otherwise smooth or at 
best very slightly raised borders. The purulent secretion from the base of the 
ulcers dries into crusts. Sometimes perforation of the septum takes place, with 
the formation of one or more smooth punched-out holes with red borders. 

A cicatricial stage follows only in cases with considerable destruction 
of tissue. ‘The cicatrices are at first greyish-yellow, soft and slightly raised, 
and when resulting from round ulcers somewhat stellate and of a brown colour 
from the deposit of pigment; in other cases they are greyish-white or pale red, 
and sometimes pitted. Deviation of the septum may occur from cicatricial 
contraction, and in deep ulceration healing takes place with marked prolifera- 
tion of granulation tissue. Small perforations in the septum become closed 
during healing, but larger ones, although diminishing in size, do not close com- 
pletely. 

Other symptoms are usually absent, but in the case of deeply extending 
loss of tissue the nares are closed by crusts, and consequently respiration is 
snuffling or snoring. The submaxillary glands are usually normal, but some- 
times slightly swollen and tender for a short time. Sturm observed a slight rise 


of temperature (to about 38° C.) with no loss of appetite or general symptoms, 
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Course. . In cases with superficial ulceration healing takes place in 7 to 14 
days. In other cases recovery occurs on an average in about 6 to 8 weeks. In 
some cases permanent nasal stenosis remains, causing difficulty to respiration. 

Diagnosis. ‘The characteristic clinical picture is usually sufficient for a definite 
diagnosis. ‘The disease most concerned in the differential diagnosis is nasal 
glanders, but the absence of typical glanderous nodules and ulcers, the vesicular 
origin of the ulcers, the absence of signs of irritation in the other parts of the 
nasal mucosa (apart from the red zones around the vesicles and ulcers), the 
absence of simultaneous swelling of the submaxillary lymphatic glands with the 
nasal discharge, and of fever and other general symptoms, the benign course 
of the disease, and the fact that the healing of the lesions is usually rapid are 
sufficient to establish the diagnosis. In doubtful cases the mallein and sero- 
logical tests may be used. 

Treatment. ‘Uhis consists in irrigation with mild antiseptics and isolation 
of the affected animals. 


8. Tumours of the Nasal Cavities (Tumores Narium) 


Incidence. ‘The most frequent neoplasms found in the nasal cavities 
are polypoid growths which develop from all layers of the mucous mem- 
brane, usually near the nares and in both nasal cavities. The growths 
are 1 to 3 cm. in height and deeply furrowed, of hard or soft consistence, 
and with an irregular or smooth surface. Apart from the hyperplasia, 
the mucous membrane is infiltrated and sometimes presents amyloid 
degeneration. ‘The growths have been designated as hyperplasia of 
the mucous membrane or as adeno-fibrous hyperplasia, and have 
also been compared with rhinoscleroma in man, but this differs in its 
specific origin, its structure and cartilaginous hardness, and its usual locali- 
sation in the upper portions of the nasal cavities. True nasal polypi are 
less frequent and form sharply defined tumours with smooth glistening 
surfaces. Angioma, lipoma, osteoma, ecchondroma are rare, sarcoma 
and carcinoma somewhat more frequent, and in cattle mucous cysts are 
sometimes found. ‘Tuberculous growths are also rare, but sometimes 
found in cattle and swine in the form of irregular formations coated with 
muco-purulent masses and permeated by yellowish nodules. ‘They are 
associated with crateriform ulcers with raised borders and eventually 
cause complete occlusion of the nares. Ina horse, Gerspach found tuber- 
culous growths the size of a small pea, together with tuberculous ulcers 
covered with yellow, adherent, dry scabs. Laszl6 found tuberculous 
growths in 30 per cent. of twenty swine with pulmonary tuberculosis. In 
cattle, actinomycoma is sometimes found in the lower portion of the nasal 
passages. Cicatricial thickening of the mucosa and deviation of the 
nasal septum may result from rhinosporidiosis and _ blastomycosis. 
Schistosoma ova may also give rise to nasal granuloma, causing symptoms 
of nasal stenosis. 

Symptoms. These commence with gradually increasing respiratory 
obstruction accompanied by wheezing and snorting, either during exercise 
or also when at rest. Periodical attacks of asphyxia may occur, both in 
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the case of pedunculated movable tumours and in sessile true nasal polypi. 
Closure of the nares on the affected side causes the signs of stenosis to disap- 
pear, while closure of the opposite side increases them. In cases of complete 
closure of the opposite nasal cavity respiration ceases and the animal suffers 
from air hunger. Differences in the force of expiration on the two sides 
can often be detected by holding the moistened back of the hand’ before 
the nares, or by placing a cold mirror before them and noting the differences 
in degree and time of disappearance of the deposited moisture on the 
two sides. In more severe cases labial breathing occurs, which ceases on 
opening the mouth. 

Tumours in the lower portion of the nasal cavities can be detected by 
direct inspection or by means of a sound. 

There is usually a muco-purulent discharge from one side of the nose, 
which in malignant tumours is often foetid and mixed with blood or shreds 
of tissue. Angiomata and malignant tumours often give rise to repeated 
epistaxis, and tumours situated in the choana and extending into the 
pharynx to dysphagia. In malignant growths there is often also a change 
in shape of the face, together with protrusion of the hard palate into the 
-mouth. Chronic enlargement of the submaxillary lymphatic glands 
on the affected side is seldom absent, but only reaches a pronounced 
degree in malignant and tuberculous tumours. 

Treatment. In most cases the only effective treatment is by opera- 
tive removal. Angiomata situated near the nares may be painted with 
10 per cent. trichloracetic acid to cause shrinkage, or they may be destroyed 
by cauterisation. 


Enzootic Tumours in the Ethmoid Region. ‘These appear to occur 
chiefly in cattle and horses in Sweden and Norway, principally in older animals. 
According to the investigations of Stenstrom, Magnusson, Stalfors and others, 
the tumour always arises from the ethmoid region. It is of a malignant nature, 
showing a tendency to invade the neighbouring tissues, and in advanced cases 
may involve to a greater or less extent the whole of the cranial sinuses. In 
about a third of the cases it causes metastases in the regional lymphatic glands. 
Not infrequently the tumour penetrates the cranial cavity. In two-thirds 
of the cases the tumour is unilateral. Histologically the structure is that of 
sarcoma or carcinoma, or a mixture of mesenchymal or epithelial tissue, 
varying in type in the same herd of animals. According to Forssell it resembles 
to a certain extent infectious granuloma. ‘The cause is assumed to be a specific 
infection, although bacteriological examination and experimental transmission 
have given negative results. 


Enzootic tumours have also been reported in other countries by Chabert in France, by 
Loeb in England and America, and by Voges in Buenos Aires. As these tumours occurred in 
the region of the eye, their relation to those occurring in Sweden is doubtful. 


Symptoms. These consist in laboured breathing, with wheezing or snoring 
sounds, also in epistaxis and a foetid muco-purulent nasal discharge. Later 
symptoms are irregular. ‘There may be partial protrusion of the cranial bones, 
~exophthalmos, sometimes swelling of the submaxillary or subparotid lymphatic 
glands, not infrequently cerebral disturbances (lethargy, propulsive movements, 
maniacal behaviour) and depressed appetite and fever. Sometimes the nasal 
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discharge and protrusion of the facial bones are absent and only cerebral 
symptoms present. According to Stalfors, in cattle, but rarely in horses, the 
tumour can be palpated in the regions of the posterior nares and ethmoid bone 
before the above symptoms become manifest. In horses the tumour seldom 
extends to the nasal passages. 

Treatment. According to the results obtained by Forssell and Vennerholm, 
operative removal is unlikely to be successful. 


9. Parasites in the Nasal and Accessory Cavities 
(a) Sheep-Nostril Fly (Cephalomyia [(strus]| Ovis) 


Infestation due to sheep-nostril fly larve is characterised by a 
chronic catarrhal inflammation of the nasal mucosa and _ accessory 
cavities. 

Incidence. The disease occurs enzootically, more rarely sporadically, 
in all parts of the world except Australia, especially in young animals 
(yearlings). 

AEtiology. The larve of Cephalomyia (Cistrus) ovis 
(a fly 10 to 12 mm. long, of yellowish-brown 
colour, and with transparent wings) are elongated 
oval in shape, 2 to 30 -mm. long according to their 

stage of development, flattened on the ventral surface 
i Cuababiie (ihe and convex dorsally, and consist of eleven segments, 
trus) ovis. all but the first of which are provided ventrally with 
Left, dorsal surface; bands of fleshy protuberances ending in red spines. 
nent, ventral sur- The youngest larve are white and transparent, the 
older ones yellowish with well-marked segmentation 
and the anterior extremity somewhat pointed. The cephalic segment 
bears two small mouth hooks (Fig. 121). 


Development of the Sheep-Nostril Fly. The larve, which have previously 
hatched in the oviduct of the female, are deposited in the nasal cavities, from 
which they may penetrate into the frontal sinuses, ethmoidal cells, and even into 
the horn cavity, where they settle on the mucous membrane and undergo further 
development. When the larve have reached maturity in the spring (after about 
10 months), they leave the nasal cavities voluntarily or are ejected forcibly, 
and at a temperature of over 12° C. reach the pupal stage in moist earth 
or dung in 24 hours (according to Ruppert, in 2 or 3 days). ‘The fly hatches 
in 4 to 6 weeks at relatively high temperatures, in 2 to 3 months at lower 
temperatures. After the female is impregnated she begins to deposit larve. 
According to the observations of Mitchell and Cobbett the larve become 
mature in 23 to 34 months, pass through the pupal stage in 12 to 72 hours, 
and emerge as flies in 17 to 37 days, so that the total developmental period may 
be terminated after 34 to 44 months. In temperate zones the larve are de- 
posited from the middle of May till the end of October; on the other hand, in 
tropical climates (¢.g., South-west Africa) sheep flies may be present constantly 
(Ruppert). The flies inhabit the crevices in the walls of farm buildings, etc., 
and also low shrubs about the pastures. From these places the fertilised females, 
in dry warm weather, seek out the sheep, especially in the middle of the day. 
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Pathological Anatomy. The mature larve as a rule are found in 
large numbers (60 to 80 according to Ziirn) in the frontal sinuses especi- 
ally at the base of the horns, sometimes also in the maxillary sinus and 
nasal cavities. ‘They adhere firmly to the mucosa, which shows small 
round depressions and catarrhal changes. Occasionally the brain and 
meninges are invaded. ‘The larve have also been found in the pharynx 
and larynx, as in cases observed by Ruppert, in which they migrate to 
the trachea and bronchi, giving rise to purulent pneumonia with purulent 
metastases in the liver and spleen. 

Symptoms. On the approach of the flies the sheep run together, 
lay their heads together, lie down with their heads on the ground or 
hold their noses on the ground between their forefeet. After the larve 
have been deposited the animals become restless, rub their heads on the 
ground or on their legs, shake their heads, sneeze frequently and run 
about restlessly. ‘These symptoms soon disappear, and the sheep then 
remain apparently normal for about 10 months. 

After the larvae have become mature and begin to migrate they cause 
intense irritation of the mucous membrane of the cephalic sinuses, and so 
give rise to manifest symptoms of the disease. In temperate regions this 
occurs in spring and early summer. ‘The symptoms begin with gradually 
increasing nasal catarrh, varying in degree and at first often unilateral. 
The nasal secretion is serous or sero-mucoid, but later becomes purulent 
or sanious. ‘The animals sneeze frequently, expelling masses of secretion 
and sometimes larve, rub their noses on their forelegs or against the ground 
or other objects, sometimes causing abrasions and oedematous swelling 
about the nose. From time to time the head is lowered, raised and bent 
backwards or sideways; the gait becomes uncertain and staggering, and 
the sheep sometimes fall on one side. Profuse lachrymation is always 
present. After 1 to 2 weeks the larve leave the nasal cavities, and the 
nasal catarrh subsides. 

In rare cases complicated by meningo-encephalitis symptoms of excite- 
ment or depression develop. The animals exhibit aberrations in gait, 
stagger on their hind legs, often fall down, and grind their teeth. Devia- 
tion of the eyes, forced movements and partial or general muscular spasms 
are also observed. Such cases are usually fatal in 5 to 8 days, sometimes 
in 3 to 4 days. 

Diagnosis. The somewhat rare cases which exhibit propulsive 
movements may be mistaken for sturdy (Vol. III.).. The latter, how- 
ever, affects only young animals and propulsive movements predominate, 
while catarrhal symptoms are absent. The diagnosis is more difficult 
when the larve are situated high up and give rise to nervous symptoms, 
as in this case catarrhal symptoms may be absent and consequently no 
larve are expelled. Lung-worm infestation is excluded by the pre- 
dominance of cough and by the presence of worm larve in the feces. 

Treatment. ‘The only effective method of treatment is by opening 
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up the affected cavities, removal of the larve with forceps, and destroying 
those remaining by the injection of suitable antiseptics. ‘This treatment 
can hardly be carried out when large numbers of sheep are affected, 
and consequently must be limited to valuable breeding animals; even 
then the results are uncertain, especially when cerebral symptoms are 
already present. 

Trephining of the Frontal Sinuses. For the site of trephining Ziirn recommends the two upper, 
Moussu the lower angles formed by a line connecting the supra-orbital ridges and another line 
drawn at right angles to its centre. Ifthe condition does not improve after this operation it is 
advisable to remove the horns or trephine at the base of one of them so as to expose the cavity. 
After removal of the larve the cavity is irrigated with fluids which have a lethal effect on the 
larve (Lugol’s solution, dilute benzene, dilute turpentine, 3 per cent. carbolic acid, 95 per cent. 
alcohol, lime water). 

In the method of Puncture recommended by Reimlinger and Bailly the cavity to be treated 
is punctured simply with a sharp nail and a cannula introduced through which fluids are injected. 
Du Toit and Clark employ a trochar and cannula, by means of which in equal parts carbon 
tetrachloride with liquid paraffin is introduced into the cavity with an ordinary syringe. ‘This 
method is only suitable for animals under 6 months old. 

Gildow and Hickman removed 36 per cent. of the larve by rinsing the frontal sinuses 
from the lower nasal fossa with a mixture of equal parts of carbon bisulphide and liquid paraffin, 
the animal’s head being held in the lateral position, which enables the fluid to enter the aperture 
leading to the frontal sinuses. ‘This method should give better results after previous irrigation 
of the nasal passages with 2 or 3 per cent. sodium bicarbonate solution to remove the muco- 
purulent secretion. 

Prophylaxis. ‘This consists in destruction of the larvae and repeated 
fumigation of infested buildings. It is also advisable to avoid pasturing 
the animals near bushes and trees during the hot days of summer. 
Another precaution consists in the application of tar to the nares before 
pasturing on hot days. This can be repeated at intervals as occasion 
requires. (According to Mitchell and Cobbett, this method is unreliable 
owing to the drying of the tar into acrust.) Hall in America recommends 
self-applied inunctions by means of salt licks placed in holes 5 cm. wide in 
a thick log of wood, with tar smeared round the margins. When the 
animals lick the salt their muzzles become smeared with the tar. For this 
purpose Mitchell and Cobbett devised a special salt trough which causes 
automatic moistening of the nostrils by a pad soaked in a fly repellent 
solution when the animal licks the salt at the bottom of the trough. 

On hot days in summer, especially at mid-day, sheep may be kept in 
fly-free houses and only sent to pasture after sunset or at night. Ruppert 
observed a marked decrease in infestation with @strus larve after dipping 
the animals three times a week in an ordinary sheep-scab dip, and disin- 
fection of their houses. 


(Estrus Infestation in Other Animals. Occasionally goats are infected. 
Hubenet found many animals in a drove of Bengalese goats affected with C. 
(Gistrus) ovis. ‘The symptoms are the same as in the sheep. 

In the horse the larvee of Rhinestrus pupureus, in some parts of Europe and in 
North Africa, are found in the nasal and accessory cavities and also in the 
pharynx or even in the larynx; in the latter case there are symptoms of cough, 
dyspnoea and laryngeal stenosis. 

In the buffalo and dromedary the larve of Cephalomyia maculata are found in 
the same situations as in the horse. 

In reindeer, Gstrus infestation is fairly common and causes losses of 1 to 2 
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percent. ofthe herd. The larve of Cephenomyia trompe are deposited by the female 
in the months of July and August in the nostrils of the pasturing animals. 
From here they reach the pharynx and cause pharyngitis. 

In the nasal and pharyngeal cavities of the noble hart are found the larve 
of Cephenomyia auribarbis and Pharyngomyia picta, in the elk those of Cephenomyra 
ulricht, and in the roe those of Cephalomyia stimulator. In the roe they sometimes 
penetrate the opening of the Eustachian tube and cause inflammatory swelling 
of the orifice and sometimes stenosis of the pharynx. 

In the dog, in Algeria Sergeant observed Céstrus larve in regions where the 
number of sheep is so small in comparison with the inhabitants that the sheep 
flies deposit their larve in the eyes, on the lips and in the nose of sheep dogs and 
shepherds. ‘The disease (“‘ Thim’ni’’) appears directly after the 
larve are deposited, and is accompanied for 3 to 10 days by 
burning sensation in the eyes and disturbance of vision, swelling 
of the conjunctiva and lachrymation, a serous discharge from 
the nose, sometimes pain on swallowing and cough. The small, 
white, actively motile larve are found in the conjunctival 
sac and sometimes in vomited matter. Recovery takes place 
in all cases, as the larve do not attain maturity, even when they 
are not artificially removed. ‘Tobacco smoke has proved eftec- 
tive in keeping sheep nostril flies away from man. 


(b) Linguatula Rhinaria 


Incidence. The adult parasite infests chiefly the dogs 
of butchers and shepherds and sporting dogs, rarely house 
dogs, although the incidence varies in different regions. It 
is also found in the horse, mule, sheep, goat, and wolf, 
and also in man. | 

Among 630 dogs examined by Colin Linguatula was found in 10-2 per 
cent. in Alfort, but in Toulouse only in 3 percent. Deffke in Berlin found 
it in 6°5 per cent., Tempel in Chemnitz only in 0-92 per cent., v. Ratz in 
Hungary in 2°5 per cent., Dikoff in Bulgaria in 21°35 per cent. Schornagel 


in Utrecht found it in 9-2 per cent. of dogs without apparent symptoms of 
disease. 


fEtiology. Linguatula rhinaria (Pentastomum tenioides) - 

belongs to the family Linguatulide of the order Pentasto- ey 
mida, which forms an appendix to Arachnida (Fig. 122). 

The parasite has a flat, broad, lanceolate body tapering towards its 
posterior extremity and consists of about 90 annuli marked by slight 
transverse furrows, somewhat resembling a tape worm. At the anterior 
extremity 1s the mouth opening furnished with four chitinous recurved 
hooks. ‘The male is 18 to 20 mm., the female 8 to 10 cm. long. 
The ova (Fig. 123) are oval, thick-shelled, and 90 by 70 wu in size. 
Specialised respiratory and circulatory organs are absent, and sense organs 


are merely represented by certain paired sense papilla situated on the 
head. | 


Development. ‘The embryo-containing ova, the number of which may be 
half a million, are discharged with the nasal mucus or excreted in the faces, 
in which the embryos may remain capable of development for several weeks. 
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When ingested by herbivorous animals with grass or other food the larva 
becomes free in the stomach, penetrates through its wall, and is conveyed by 
the lymphatic and blood stream to the mesenteric lymphatic glands, the liver 
and the lungs, more rarely to the kidneys or spleen. In these organs the larve 
become encysted for 5 to 6 months, during which they moult several times 
and come to resemble the mature parasites. In the seventh month of their 
development the larve emerge from their capsules and migrate to the serous 
cavities, and also the bronchi and intestine, causing hemorrhages on the way. 
If they reach the nasal cavities of a suitable, generally carnivorous, host they 
moult again and become sexually mature. 


Infection in carnivora occurs from the ingestion of the organs of herbivora 
infested with linguatulid larve, after which the larve reach the nasal 


cavities directly, or indirectly from the pharynx or stomach. Exceptionally - 


infection occurs from the ingestion of larvee which have been evacuated 
in the nasal mucus or feces after their migration in the lungs and air 
passages or the intestine. Self-infection may also take place through 
the automatic migration of aberrant 
larve. 

Pathological Anatomy. The 

mature parasite usually lives in _ the 
middle nasal fossa and between the 
ethmoidal cells, occasionally also in 
the frontal sinuses, the lower nasal 
fossa and the pharyngeal cavity. The 
males especially may enter the larynx 
when seeking for the female. The 
number of parasites varies between one and twelve. 
_ The nasal mucosa where the parasites are adherent is red, swollen 
and covered with mucus, and sometimes studded with small blood points. 
Exceptionally, more severe inflammatory processes are present and even 
necrosis, especially of the ethmoid cells. 

Symptoms. Sometimes symptoms are entirely absent, but in the 
majority of cases in the dog there is chronic nasal catarrh with frequent 
sneezing (in Gerlach’s experimental dog this appeared on the twenty-fifth 
day, in Kulagin’s experimental calf after 6 weeks). Dogs rub their noses 
on the ground and on their forelegs and with their paws. The nasal 
secretion is muco-purulent, sometimes mixed with blood, and later 
contains numerous ova containing embryos (Fig. 123). The symptoms 
increase after running. Sneezing, shaking the head and rubbing the nose 
may occur in paroxysms, during which one or more parasites may be 
expelled. ‘The sense of smell is sometimes greatly impaired. ‘The frequent 
difficulty in breathing may increase to attacks of dyspnoea, with whistling 
and rattling sounds. Occasionally perforation of the hard palate 
occurs. . 

In some cases the animals are restless, especially during sleep, when 
the breathing is stertorous and they may spring up suddenly or sneeze 


Fic. 123.—OvaA oF Linguatula rhinaria. 
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spasmodically. When awake they are irritable or morose, show their 
teeth, hide themselves, cry out and move round in a circle till they fall 
down exhausted. Maniacal attacks as in rabies hardly ever occur and 
epileptiform seizures are rare. ! 

Course. ‘This is always chronic, as the parasites may remain in the 
nasal fosse as long as 15 months. Most dogs recover from the disease, 
but become debilitated. Fatal cases are rare and are due to involvement 
of the cerebral meninges or to asphyxia. — 

Diagnosis. ‘This is determined by detection of the parasites or their 
ova in the nasal secretion. A provisional diagnosis may be made in the 
presence of chronic nasal catarrh occurring chiefly in butchers’ dogs, 
sheep dogs or sporting dogs. The possibility of mistaking the disease 
ior Tables’ is, rather 
remote; doubtful cases 
may be decided by the 
presence or absence of 
paralytic symptoms. 
Linguatula) may, how- 
ever, be present in cases 
of rabies. 

Treatment. This is 
only necessary in_ the 
case of severe symptoms. 
Inhalation of chloro- 
form, dilute ammonia 
or benzene and _ injec- 
tions of turpentine in oil 
do not usually give satis- 
factory ee uts. Pillars Fic. 124.—Ova oF Capillaria aérophila 1N THE NASAL 
observed disappearance SECRETION. 
of all symptoms after the a Ova; b, pus cells; c, epithelial cells; d, red blood cells. 
instillation of chloroform 
followed by equal parts of acetic acid and water. If these methods fail, the 
affected cavities may be punctured and parasiticidal fluids introduced, 
or the frontal and nasal sinuses may be trephined to allow the parasites 
to be removed with forceps, after which the cavities are irrigated. 


Other Parasites in the Nose. In southern regions the horse leech 
(Hemopis vorax) and the fresh-water leech (Limnatis nilotica) invade the buccal, 
pharyngeal and nasal cavities of horses, cattle, mules, camels and dogs. By 
sucking the mucous membrane they cause disturbance of health and give rise 
to a blood-stained, muco-purulent nasal discharge containing blood clots, 
disturbance of deglutition and respiration. Similar symptoms are produced 
by the Glossosiphonia leech (Hemiclepsis tessellata) in geese and ducks; the 
condition may terminate fatally after the occurrence of acute symptoms (falling 
down while running, bending of the head backwards, anemia, and accumula- 
tion of blood clots in the nasal cavities). 
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Trematodes, especially Hyptiasmus tumidus (Cyclocelum arcuatum), wmhabit 
the nasal and infra-orbital cavities in water-fowl, apparently without giving 
rise to symptoms. 

Capillaria aerophila (Trichosoma aérophilum) is sometimes found in the wolf and 
fox, and occasionally in the cat and dog, in the trachea and bronchi, and may 
accidentally enter the nasal cavities. Ulreich, in a young dog with tracheal 
catarrh, found the ova of Capillaria in the purulent nasal secretion, and 
cured the affection in 4 weeks by intranasal and intratracheal injections 
of turpentine and oil of sesame. In a case observed by Balla the ova were 
present in the nasal secretion of a dog affected with frequent epistaxis, 
and on post-mortem examination the mature worms were found in the nasal 
cavity. ‘The dog came from a region where foxes and wolves were prevalent. 


(c) Coccidial Rhinitis in Rabbits (Rhinitis Coccidiosa 
Cuniculorum) feo 
(Coccidiosis oto-rhino-pharyngea) 


Coccidia invade the nasal mucosa of rabbits and cause intense inflam- 
mation which may spread to the mucosa of the other cephalic cavities. 
The disease occurs enzootically. 

AEtiology. Invasion by Eimeria stiede (Coccidium cuniculi) probably 
takes place in the same way as in infectious rhinitis of rabbits (wide supra), 
and appears to be promoted by dampness of the hutches and straw. Young 
animals are especially susceptible. 

Symptoms. The symptoms closely resemble those of infectious 
rhinitis (vide supra). At first there is a moist condition of the nares and a 
slight mucoid secretion, frequent sneezing and rubbing the nose with the 
paws, a slight rise of temperature and accelerated respiration. The 
appetite is but slightly affected and the animals at first appear lively, but 
after a few days they become listless and lose their appetite. At the same 
time the nasal discharge increases and the breathing becomes laboured. 
Sometimes conjunctivitis and stomatitis appear. The affection may 
spread to the middle ear, causing the head to be held obliquely and pro- 
ducing staggering and rolling movements. Finally diarrhcea sets in, and 
death takes place from exhaustion. 

Diagnosis. ‘This depends on the detection of Coccidia in the nasal 
or conjunctival secretion. From infectious rhinitis of bacterial origin 
coccidial rhinitis is distinguished by the mildness of the initial symptoms 
and the slight rise of temperature. In so-called “ salivation of rabbits ”’ 
frothy saliva containing no coccidia is discharged from the mouth, 
small white vesicles are seen on the lips, but the other cephalic 
mucous membranes are unaffected. In ear scab catarrhal symptoms 
are absent. 

Treatment. The local treatment consists in irrigations or applica- 
tions of 3 per cent. boric acid, 4 to 1 per cent. copper or zinc sulphate 
solution or 1 per cent. creolin. Raebiger recommends medicinal methy- 
lene blue in a 1 : 4,000 solution in boiled water given asa drink. Giinther 
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reported a cure in 8 days after the instillation of a 1 per cent. solution of 
quinine hydrochloride into the conjunctival sac and nasal cavities. 
Prophylaxis is the same as in Intestinal Coccidiosis (p. 353). 


10. Catarrh of the Maxillary Sinus (Catarrhus Antri 
Highmori) 


Chrenic catarrhal inflammation of the mucosa of the maxillary sinus 
usually gives rise to the accumulation of muco-purulent exudation (em- 
pyema sinus maxillaris s. antri Highmori). This condition is common in 
old-horses, but rare in other animals, and 1s usually unilateral. 

‘Etiology. Primary catarrh of the maxillary sinus occurs rarely 
from traumatic causes; more commonly the condition is secondary to the 
extension of nasal catarrh through the slit-like opening of the sinus into 
the posterior part of the middle meatus. In the horse rather frequent 
causes are diseases of the teeth and alveoli, even when the teeth appear 
sound on oral inspection. Especially in dental caries and alveolar 
inflammation there may result an extension of the inflammation to the 
mucous membrane of the maxillary sinus or these conditions may 
facilitate the entrance of food particles into it. Also in some specific 
diseases such as glanders, malignant catarrhal fever, infectious rhinitis 
(in swine, birds, rabbits), coccidial rhinitis, fowl pox, and also tumours 
(polypus, sarcoma, carcinoma, dental cysts), and exceptionally Botryomy- 
coma and Echinococci may be the primary causes of catarrh of the sinus. 

Anatomical Changes. At first there is uniform or mottled redden- 
ing and swelling of the mucous membrane, which later becomes un- 
even and granular and studded with gelatinous nodules and vermiform 
ridges and after a time with wart-like formations. In the maxillary 
' sinus there occurs a purulent and sometimes foetid exudate which may 

contain food particles. More rarely the exudate is serous (hydrops antri 
-Highmori), when the mucous membrane may be coated with. mould 
fungi (Nielsen found Mucor spinosus). When the maxillary aperture is 
occluded the sinus becomes completely filled with exudate and its walls 
thin and distended. ‘This may lead to stenosis of the nasal fossa, and in 
horses to atrophy of the septum between the oral and aboral portions of 
the sinus. When the affection is due to disease of the teeth, rough, bare 
bone can be felt at the inner wall, and sometimes a movable tooth sur- 
rounded by granulation tissue. 

Symptoms. In the forse the symptoms merge often averceonaly 
those of the primary nasal catarrh, but rather frequently the affection 
sets in without any preliminaries with usually unilateral nasal discharge 
which is primarily mucoid, then muco-purulent, and finally purulent 
and sometimes foetid. ‘This varies considerably in quantity, and is charac- 
terised by its intermittent appearance and sudden increase on lowering 
the head or following snorting and coughing. Again, the discharge 
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may cease for a time because of temporary closure of the maxillary aperture 
by swelling of the mucous membrane or blocking with masses of secretion. 
When the affection has continued for a long time a white streak is formed 
by the secretion on the upper lip below the internal angle of the nostril. 
Lachrymation and purulent conjunctivitis, due to extension of the in- 
flammatory process along the lachrymal duct to the lachrymal sac, are 
frequently observed. 

Bulging of the wall of the sinus is seldom seen in simple catarrh. At 
first it is only apparent by careful comparison of the two sides of the face, 
but later may become more prominent. In cases due to malignant growths, 
on the other hand, there is often considerable enlargement which may 
extend to the alveolar border and hard palate, causing loosening of the 
teeth, bulging or even perforation of the hard palate and stenosis of the 
nasal fosse. ‘The distension may extend to the orbit, causing protrusion 
of the eyeball, strabismus, cedema of the eyelids and chemosis. 

On nasal transillumination of the maxillary sinus by introducing a thin electric bulb or an 
endoscope into the nasal cavity of the affected side the wall of the affected sinus will be found 
to be less or not at all translucent. On X-ray examination the presence of an accumulation 
of fluid is shown by a shadow limited horizontally above and showing undulating movements 
when the head is moved (the rest of the sinus being clear). 

There is usually tenderness to pressure over the region of the sinus, 
and in severe cases over the infra-orbital nerve. Yielding of the wall of 
the sinus on pressure is comparatively rare, but may occur when the 
pressing of the accumulated exudate is severe, or in the case of malignant 
tumours. In advanced cases fluctuation may be observed. 

Dulness on percussion is rarely apparent, but may be noted when the 
exudate accumulates above the facial crest, on forcible flexion of the head, 
when the mucosa is much thickened or when a tumour has become adherent 
to the external wall of the sinus. In cases with partial atrophy of the 
bony wall (tumours) the percussion note may be hyperresonant and 
deeper, because the thinner bone plate produces more extensive vibrations. 

Sometimes nasal stenosis causes difficulty in respiration, with stertorous 
breathing, through bulging of the median wall of the sinus together with 
the lower turbinate bone, or to pressure of a malignant tumour against 
the nasal cavity. In a case in a horse observed by Résza and Ney the 
animal was unable to neigh till the antral catarrh was relieved . by 
trephining. 

Acute or chronic swelling of the submaxillary lymphatic glands is 
seldom absent on the affected side. ‘These often form hard nodules, slightly 
painful or perhaps quite painless, and in cases of malignant tumour they 
may develop into tuberous growths adherent to the surrounding tissues. 

In cattle there is usually observed a unilateral, mucoid, muco-purulent 
nasal discharge, sometimes mixed: with blood or shreds of fibrin possess- 
ing a foetid odour, but this may be absent. At the same time there is 
swelling and tenderness of the infra-orbital region, which may be dull 
on percussion and sometimes may exhibit bulging. Frequent snorting, 
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with accelerated breathing, violent movements of the head, and the 
expulsion of muco-purulent masses from the nasal cavities are charac- 
teristic symptoms, which, after partial expulsion of the masses of exudate, 
are followed by normal respiration. 

In catarrh of the antrum, dogs frequently shake their heads and rub 
their noses with their forefeet. A unilateral, sero-mucous or muco-puru- 
lent discharge appears, sometimes mixed with blood and fcetid in odour. 
At a later stage the breathing becomes wheezing and the wheezing 1s 
arrested by opening the mouth or closing the nostril on the aflected side. 
At the same time there develops swelling of the infra-orbital region, 
which feels hot on palpation and later fluctuating. Eventually the swell- 
ing ruptures and the symptoms abate in intensity. The opening soon 
closes, but in 1 to 2 weeks a fresh rupture takes place which persists as a 
fistula (Hobday). 

In birds there is inflammation of the infra-orbital cavity, with the forma- 
tion of a hot, painful swelling below the orbit, which on pressure causes a 
muco-purulent secretion to appear from the nasal cavity on the affected 
side or from the palatine fissure. 

Course. Catarrh of the maxillary sinus following acute nasal catarrh 
or a general infective disease may develop in a few days. In other cases 
the affection is slow in development, so that the animal may live for months 
or years and continue to be able to perform its work. Eventually, however, 
serious ons develop, including respiratory obstruction, a condition 
resembling “ staggers,’ posturing of the head obliquely, and sometimes 
signs of meningitis because of extension of the inflammation from the 
frontal or sphenoidal sinus or from the ethmoid cells. Involvement of 
the sphenoidal sinus may cause disturbances of vision. On the other 
hand, the exudate may break through the external skin or an alveolar 
space and form a fistula. Necrosis of the bone has also been observed. 
In a case of Cornier’s affecting a horse, panophthalmitis with symptoms 
of purulent meningitis developed. 

Spontaneous recoveries after nasal catarrh are not uncommon. 

Diagnosis. The presence of a unilateral nasal discharge, increasing 
intermittently through definite causes, together with conjunctivitis and 
enlargement of the lymphatic glands on the same side, with tenderness 
to pressure in the region of the sinus are characteristic signs of the disease 
even in the absence of any change in form. For the exclusion of glanders 
the mallein test and serological examination may be necessary. By 
opening the sinus a distinction may often be made between primary and 
secondary catarrh. A foetid discharge usually indicates dental caries, 
in which a bare surface of bone can be felt at the internal wall of the sinus, 
or a movable molar tooth in the same situation. ‘Tumours can be palpated 
and frequently protrude through the wound, but the nature of the disease 
can sometimes only- be determined by microscopic examination. The 
so-called mucoid degeneration of the facial bones is distinguished by the 
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usually rapid appearance of respiratory disturbances and the marked 
deformity and softening of the superior maxilla; fibrous osteodystrophy 
by the bilateral changes in form which are not limited to the region of 
the sinus. | 

Treatment. In antral catarrh following rhinitis expectant treatment 
is indicated for 1 or 2 weeks, during which the head should be depressed 
several times a day and food and water taken from the ground, so as to 
promote the expulsion of the masses of exudate, by which means nearly 
without exception spontaneous recovery takes place. In other cases 
trephining 1s necessary for evacuation of the accumulated exudate, followed 
by repeated irrigation of the cavity with mild antiseptic and astringent 
solutions, and later by physiological saline solution. Any affected teeth 
must be removed. In birds incision of the infra-orbital swelling in the 
longitudinal direction of the head often leads to rapid recovery. 


Mucoid Degeneration of the Turbinate and Facial Bones in the 
Horse. ‘This sometimes develops in foals. ‘The disease was first observed 
by Sand and afterwards described by Deupser, Hiitzen, Nielsen and others. 
Schlegel found mucoid degeneration of the rarefied tissue of the superior maxilla, 
frontal, lachrymal and nasal bones in a heifer affected with unilateral hydrops 
of the sinus. 

The cause of the mucoid degeneration, which develops rapidly, is unknown. 
The anatomical and histological changes (conversion into mucoid tissue, lacunar 
absorption of the osseous tissue and active formation of new bone), according 
to Merz, indicate osteitis fibrosa. According to Hartog, the condition is one 
of congenital mucoid cystic development (pseudo-hydrops) in the maxillary 
sinus, with direct involvement of the osseous tissue in a myxomatous 
process. 

Anatomical Changes. On opening the affected site a muco-serous fluid con- 
taining fibrin clots is evacuated, the maxillary sinus is found to be considerably 
dilated, the septum atrophied or reduced to friable tissue, and the inner surface 
of the cavity covered with a soft, gelatinous mass containing sacs filled with 
mucus. ‘The turbinate bones may be enlarged and the nasal passages completely 
closed. 

Symptoms. ‘The first symptom is a muco-purulent or purulent unilateral 
nasal discharge which continually increases in quantity. At the same time 
or later, and especially during exercise, the breathing becomes laboured and 
stertorous on the affected side. ‘These symptoms are accompanied by unilateral 
swelling of the facial bones, especially of the superior maxilla, which increases 
rapidly and extends to the frontal and masseteric region. ‘The swelling, at 
first of bony consistence, becomes soft and fluctuating, and dull on percussion. 
The passage of a sound is met with resistance in the nasal cavity. ‘The 
submaxillary lymphatic glands are enlarged, but not painful. When left 
untreated, the condition eventually leads to asphyxia. 

Treatment consists in trephining and antiseptic irrigation of the cavity. 
Recovery is usually effected in about 8 weeks. 
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1i. Catarrh of the Frontal Sinus (Catarrhus Sinus Frontalis) 


Under this name are included more or less deeply penetrating and 
often chronic inflammatory processes in the mucous membrane of the 
frontal sinus, with the formation of muco-purulent masses of exudate 
(empyema sinus frontalis). 

/Etiology. ‘Traumatic causes such as fractures of the frontal bone or 
horns with hemorrhage into the frontal sinuses play a part in the causation 
of this condition, especially in cattle. Sometimes pressure of an ill-fitting 
frontal yoke (in cattle) will cause it. Joest reported a case in which catarrh 
of the frontal sinuses was caused by a wool tampon left after the operation 
of trephining. In many cases the primary cause is catarrh of the maxillary 
sinus in horses and of the antrum in dogs, malignant catarrhal fever, tumours, 
or tuberculous disease of the cranial bones. Schlegel observed congenital 
hydrops of the frontal sinuses, with enlargement and partial atrophy of the 
superior maxillary, lachrymal, nasal, frontal and temporal bones. 

Symptoms. As the disease is often limited to one side, there is often 
a unilateral foetid nasal discharge manifested especially during snorting, 
after cough, excited artificially or on lowering the head. In cattle the 
first symptom may be epistaxis. The frontal bone and base of the horns 
are sensitive to pressure and percussion. In cattle the head is held sideways 
or lowered, according as the affection is unilateral or bilateral. 
Bulging of the frontal region, unilateral or bilateral, and conjunctivitis 
with oedema of the upper eyelids are seen rarely. In severe cases, especially 
in cattle, there may be mental disturbances resulting from localised pain 
in the frontal region, but more usually from projection of the inner bone 
Jamina into the cranial cavity. Occasionally there are symptoms of 
meningitis and epileptiform attacks. Raillet observed symptoms of 
‘staggers °? in a sheep, and Jones lethargy, howling and obliquity in the 
position of the head in a dog. 

Diagnosis. The affection is easily recognised by the tenderness 
to pressure in the frontal region and base of the horns, the elevation of 
temperature in these areas, and the presence of nasal ie 

Treatment. ‘Trephining of the frontal bones is the usual method of 
treatment. Imminger obtained good results from irrigation performed 
through the trephined maxillary sinus. 

In cattle under 3 years old, in which the cavities at the base of the horns are not fully developed 
and the lower portion of the frontal bone is not very prominent, Moussu recommends trephin- 
ing the upper part of the frontal sinuses between the median line and the base of the horn. 
In older animals the base of the horn cavity should be opened 1 to 2 cm. outside the ring of the 
horn root, also the lower part of the frontal sinus directly above the supra-orbital ridge in the 
middle of the affected half of the forehead. Irrigation is performed with luke-warm antiseptic 


and astringent solutions. 
Trepanation in dogs has also been described by Meis and Parascandolo. 


Catarrh of the Sphenoidal Sinus. Of all the accessory nasal cavities, 
the sphenoidal sinus is the least often affected, but catarrh of this sinus is probably 
not infrequent in the horse. 
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Attiology. Catarrh of the sphenoidal sinus is probably always a secondary 


condition, occurring chiefly in connection with catarrh of the maxillary sinus, 
especially when this contains an excessive amount of secretion, or when irriga- 
tion fluids are injected under high pressure after trephination and penetrate 
the small opening of communication. It may also occur as a complication in 
general diseases (horse influenza, purpura hemorrhagica, strangles). 

Pathological Anatomy. On sawing through the skull between the orbital arch 
and the maxillary joint a unilateral or bilateral dilatation of the sphenoidal 
sinus 1s revealed containing sero-mucous exudate with cholesterin crystals. 
This condition causes pressure atrophy of the cerebral nerves, especially the 
optic nerves and chiasma, and in severe cases the oculo-motor and trigeminal 
nerves, all of which are situated near the sphenoidal sinus. 

Symptoms. A unilateral or bilateral nasal discharge of similar consistence 
and character to that of antral catarrh (vide supra), and varying with different 
positions of the head, is not always present, as the narrow opening between the 
sphenoidal and maxillary sinuses is easily closed even by slight swelling of the 
mucosa, preventing the secretion from escaping. Swelling of the submaxillary 
glands may also be absent, and consequently the affection is usually not 
discovered till after a long interval, and then only by the appearance of affections 
of the cerebral nerves. “These are manifested by unilateral or bilateral amaurosis, 
with dilatation and fixation of the pupil, atrophy of the optic papilla, congestion 
and tortuosity of the papillary vessels, and sometimes papillary hemorrhages. 
Paralysis of the ocular muscles may cause exophthalmos or strabismus. Ovcca- 
sionally there are symptoms of meningitis. 

Treatment. ‘Vhis consists in opening the sphenoidal sinus from the pharynx 
or larynx. ‘Thomassen, after preliminary tracheotomy under narcosis, makes 
an incision 15 cm. long in the larynx, applies local anesthesia to the mucous 
membrane, and introduces a thick trochar into the sphenoidal sinus midway 
between the opening of the Eustachian tubes through the vault of the pharynx. 
The exudate becomes evacuated on removing the stylet. In a case in which 
this operation failed to be successful a fragment of bone closed the opening 
like a valve; also optic atrophy was too far advanced. 


12. Catarrh of the Guttural Pouch (Catarrhus Sacci 
Aérophori) 


Catarrh of the guttural pouch 1s a collective term for acute or chronic 
inflammatory processes in the mucosa with an accumulation of masses 
of exudate. 

Etiology. Exceptionally the condition is due to traumatic causes 
(penetration of a projectile or a splinter of the hyoid bone) or to the 
entrance of foreign bodies or food particles. Whether the moulds 
which are sometimes found in the affected guttural pouch constitute 
a primary cause is still open to question, but they may certainly cause 
the formation of croup-like deposits (Aspergillus mycosis) or diphtheroid 
necrotic inflammation with necrosis of tissue and erosion of the 
neighbouring bloodvessels. Usually catarrh of the guttural pouch 
occurs as a condition secondary to pharyngitis due to extension of the 
inflammation, or through suction of bacteria-containing secretion from 
the openings of the Eustachian tubes during the act of deglutition; on 
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the other hand, in connection with suppuration of the regional lymphatic 
glands due to inflammatory affections of the pharynx, and also after 
primary infection by the streptococci of strangles, in which case the pus 
from the abscess penetrates the thin wall of the guttural pouch and enters 
its cavity. More rarely the condition is due to extension of inflammation 
from the upper parts of the nasal cavities, and still more rarely from 
inflammatory processes in other neighbouring tissues. Another exceptional 
cause is glanders. 

Pathological Anatomy. In addition to the changes seen on endo- 
scopic examination (q.v.), mold fungi (mucor) are often found on the 
mucous membrane. Inthe median ventral portion of the guttural pouch, 
or in more advanced cases also in the lateral portion, there is an accumula- 
tion of mucoid or purulent exudate, which may dry into hard caseous 
masses (concrementa sacct aérophori), which have been incorrectly called 
chondroids or gutteroliths. These concrements may be single or 
multiple (up to over 200). The regional lymphatic glands often show 
various stages of suppuration and eventually rupture. Occasionally 
meteorism of the guttural pouch develops through decomposition of its 
contents, and exceptionally hydrops sacct aerophori. 

Symptoms. In the most common form resulting from infection 
with the streptococci of strangles, and often also in cases arising from other 
causes, the symptoms are those of acute pharyngitis, more rarely those of 
ae or of another primary disease. Occasionally the affection develops 
gradually without any such premonitory symptoms, and is then often 
unilateral. 

There is usually a mucoid or purulent nasal discharge, sometimes 
thick or clotted, which may appear intermittently, and is increased on 
lowering or shaking the head and when the animal changes its position. 
When the exudate has become thickened the discharge ceases. 3 

Enlargement of the submaxillary glands is generally absent in cases 
associated with suppuration of the regional lymphatic glands of the 
guttural pouch, but is usually present in other forms. Asa rule the glands 
are not much enlarged and are not adherent to the surrounding tissues. 
In acute cases they may suppurate. 

Enlargement of the parotid region is sometimes only to be recognised 
by comparison of the two sides; in other cases it may be sufficiently marked 
to obliterate the depression between the lower jaw and the atlas. More 
rarely there is bulging of the whole region of the parotid gland, which may 
occasionally extend to the middle third of the neck (Fig. 125). The 
swelling is little if at all tender to pressure, of soft or fluctuating consistence, 
sometimes tense and elastic. Pressure sometimes causes a reduction in 
size, and as a result the nasal discharge on the affected side is increased 
or produced if not previously present. Splashing sounds may be heard 
- on sudden movements of the head or on sudden pressure. 

Percussion resonance is dull in the whole region of the swelling or 
VOL, I. 3I 
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only over its ventral portion, but if there has been much gas formation it 
becomes tympanitic or metallic, or may even produce a cracked pot sound. 

Endoscopic Examination. On examination of the pharynx there is ob- 
served a protrusion of the lateral wall of variable degree alongsidé and in 
front of the arytenoid cartilage, causing narrowing of the pharyngeal 
cavity and covering the epiglottis (Fig. 126). From the orifice of the 
Eustachian tube there is often an exudation of muco-pus, often foamy, 
which is increased by pressure on the ventral portion of the parotid gland 
in the dorso-medial direction (Fig. 127). On direct endoscopic examina- 
tion of the guttural pouch (Fig. 128) are seen at first only streaks of muco- 
purulent exudate lying on the mucous membrane, or an accumulation of 


Fic. 125.—CATARRH AND METEORISM OF THE GUTTURAL PoucH In A Horse: MARKED 
SWELLING OF THE PAROTID REGION, 


exudation at the bottom of the ventral recess of the guttural pouch lying 
medially to the process of the hyoid bone. In more advanced cases with 
increased formation of exudate similar masses may be seen also in the 
lateral portion of the guttural pouch, which sometimes accumulate in such 
quantity as to fill both portions. In this case the end of the endoscope 
enters the mass of exudate and the entire field of vision assumes a yellowish- 
white appearance. ‘The mucous membrane, at first red, swollen and in- 
jected, becomes glazed and oedematous and obscures the outlines of the 
subjacent muscles and larger bloodvessels and also of the larger process of 
the hyoid bone. At first after artificial evacuation, and also at a later 
stage, uniformly oval or sometimes uneven swellings with a smooth red 
surface (enlarged guttural lymphatic glands) are seen in the region of the 


CATARRH OF THE GUTTURAL POUCH 483 


ventro-medial wall of the medial portion. These afterwards present small 
yellow spots or elevations (suppuration) which after rupture of the abscess 


Fic. 126.—PROTRUSION OF THE DISTENDED 
GUTTURAL PouCcH INTO THE PHARYNGEAL 
Caviry AND ParTIAL OBSTRUCTION OF 
THE ‘ GLOTTIS. 


a, Epiglottis; 6, meteoric distension of left 
guttural pouch; c¢, glottis. 


Fic. 127.—PURULENT DisCHARGE FROM THE 
ORIFICE OF THE LEFr EUSTACHIAN TUBE. 


a, Pus; b, lateral wall of pharynx; ¢, orifice 
of Eustachian tube; d, its medial wall. 


present one or more punctiform or larger points of rupture surrounded by 
a red border, from which the exuded pus forms streaks in the mucous 


membrane or plugs in the orifices. 
The exudation of pus is increased by 
pressure on the parotid region. At 
this stage of development the purulent 
content of the guttural pouch is in- 
creased by evacuation and refilling of 
the abscess cavity till the orifice of 
rupture is closed; the closed orifice, 
however, remains visible for some 
time. 

In empyema of the guttural pouch 
of other origin the endoscopic picture 
differs from the above in the absence 
of bulging, abscess formation and 
consequent rupture. 


X-ray examination shows in the 


ventral portion of the guttural pouch, 
which is normally clear, a shadow 


Fig 128.—Enposcopic Virw or RIGHT 
GUTTURAL PoUCH wiITH EMPYEMA., 


a, Great cornu of the hyoid bone with 
swollen mucous membrane; b, medial ; 
¢, lateral ; d, anterior portion of guttural 
pouch filled with purulent exudate. 


limited horizontally, in which undulations are clearly visible during move- 


ments of the animal’s head. 


Complications. The most frequent complications are stenosis of 
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the larynx due to displacement. of the arytenoid cartilage and epiglottis 
towards the larynx, dysphagia with regurgitation caused by narrowing 
of the pharyngeal cavity and cedematous swelling of the pharyngeal wall. 
As the result of these disturbances in deglutition aspiration pneumonia 
may develop. A rarer complication is repeated epistaxis after ulceration 
of the wall of the guttural pouch and erosion of the underlying vessels 
(external and internal carotid and external and internal maxillary arteries). 
In some cases fatal hemorrhage may occur in this way, the blood being 
evacuated through the orifice of the Eustachian tube. Pharyngeal 
paralysis may also occur from extension of inflammation to the adjacent 
nerve trunks. Inacase reported by Durante, perforation of the tympanic 
membrane led to a purulent discharge from the ear. Occasionally 
purpura hemorrhagica is observed. 

Treatment. In cases of pharyngitis or rhinitis following suppuration 
in the lymphatic glands of the guttural pouch expectant treatment 1s 
indicated, with lowering of the head several times daily, at the same 
time exerting pressure on the guttural region in order to promote evacua- 
tion of the exudate. By this method the inflammatory process may 
subside spontaneously or the exudate may dry up, and in either case the 
symptoms disappear. In the author’s experience irrigation of the guttural 
pouch under these conditions, which has recently been recommended by 
Gratzl, is unnecessary and not free from the danger of causing aspiration. 
In more advanced cases, however, irrigation is necessary in order to pre- 
vent the formation of concrements and empyema, which will necessi- 
tate opening up the guttural pouch. In cases of marked dilatation 
or adhesions of the pouch with the surrounding tissues little result can be 
expected from treatment. (In a case of Schiel’s in a foal the guttural 
pouch was resected up to three-fourths of the parotid region.) 


Tympanites of the Guttural Pouch (Tympanites s. Meteorismus 
Sacci Aérophori). Idiopathic or primary meteorism is sometimes seen in 
young foals as the result of paralysis of the muscles of the Eustachian tube, in 
consequence of which active expansion of the orifice of the tube which enables 
air to escape is prevented. Some cases are due to developmental anomalies, 
such as a valvular fold of mucous membrane. Secondary meteorism may occur 
in the course of chronic catarrh of the guttural pouch. 

The Symptoms consist in the development of a unilateral or bilateral elastic 
swelling in the parotid region, tympanitic on percussion (Fig. 125). On pressure 
the swelling diminishes in size, often with an audible sound. Occasionally 
the swelling is only found in the pharynx. Dyspnoea is present in all cases ' 
and sometimes dysphagia. In severe cases there are audible signs of stenosis. 
In idiopathic meteorism, nasal discharge and enlargement of the lymphatic 
glands are absent. 

Treatment consists in opening the guttural pouch, dilatation of the tubal 
opening if necessary, and continued irrigation of the cavity after the introduction 
of a drainage tube. 


SECTION II 
DISEASES OF THE LARYNX 


1. Laryngeal Catarrh (Catarrhus Laryngis) 
(Laryngitis catarrhalis ; Angina) 


LARYNGEAL catarrh often develops in association with catarrh of the 
trachea, pharynx and bronchi, in which, however, the laryngeal symptoms 
predominate. 

‘Etiology. Acute laryngeal catarrh arises most often as the result of 
exposure to cold, especially in the spring and autumn, sometimes also 
after the inhalation of dusty or otherwise irritating air, and in fattening 
cattle after feeding on distiller’s wash. Mechanical causes which may 
produce laryngitis are the unskilful administration of fluid medica- 
ments or pills, or the passage of the probang for the removal of 
foreign bodies from the pharynx or first part of the oesophagus. Long- 
continued coughing, barking or bellowing may also irritate the larynx. 
In a case of Meyer’s, laryngitis in a calf was caused by the entrance of 
barley grains into the larynx. 

Laryngeal catarrh may occur as a secondary condition in_ rhinitis, 
pharyngitis, tracheitis, bronchitis and pneumonia, partly as the result 
of direct extension of the inflammation, and partly from the irritant action 
of pathological excretions. It may also occur as a secondary symptom 
in specific infective diseases (strangles, influenza, distemper, malignant 
catarrhal fever, etc.). 

Chronic laryngeal catarrh may develop after the persistent or repeated 
action of similar exciting causes, especially those due to unhygienic 
and uncleanly surroundings. ‘The cause of the chronic laryngitis often 
seen in old fat dogs is not known. Further causes include cardiac affec- 
tions, chronic affections of the deeper air passages and neighbouring 
organs, neoplasms (cysts, fibroma, sarcoma, carcinoma) or other tumours 
(polypi, actinomycoma, tuberculous or glanderous growths). 

Susceptibility is pronounced in pet animals and those with relatively 
low power of resistance, such as horses and house dogs kept under un- 
hygienic conditions. 

Pathological Anatomy. In acute catarrh the aryteno-epiglottic folds 
and the vocal cords are intensely reddened, swollen and later covered 
with mucus, and sometimes studded with petechie. In severe cases 
there may be superficial ulceration. 
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In chronic catarrh the mucous membrane 1s swollen and of a grey colour, 
and sometimes finely granular on the surface from enlargement of the 
mucous glands or epithelial proliferation (laryngitis granulosa). In 
advanced cases the mucosa is thickened and sometimes shows villous 
proliferations, and in the horse retention cysts. Joest found multiple, 
white, nodular proliferations in two dogs affected with chronic hyper- 
plastic tracheitis. 

Symptoms. In acute laryngeal catarrh the principal and most constant 
symptom is a short, dry, painful cough, which later becomes more moist 
and more prolonged. Spasmodic- attacks of coughing occur chiefly 
after exposure to external irritations, such as in leading the animals 
from the stable into cold air, cold draughts of air through open stalls, 
drinking cold water or feeding on dusty fodder or hot mash after violent 
or protracted exercise, or, in the case of dogs, leading on a collar. Oc- 
casionally a scanty serous, mucoid or muco-purulent nasal discharge is 


observed, and moderately acute swelling of the submaxillary lymph. 


glands. Owing to the increased sensitivity the animals resent pressure on 
the larynx, which produces repeated coughing. In severe cases there is 
repeated stretching of the neck. Swelling of the mucous membrane or 
cedema of the larynx causes difficulty in respiration, which is_ then 


manifested by whistling and rattling sounds; these are often heard 


over the larynx and trachea and there may be hoarseness of the 
voice. The temperature is raised slightly in the early stages, but only 
reaches a high degree in cases occurring as the result of infective 
diseases. 

In chronic laryngeal catarrh similar symptoms are observed, but the cough 
is less painful, rough, croaking and dry, occasionally moist, especially in 
the morning, and in prolonged coughing is accompanied by a peculiar 
explosive sound. There is less tenderness of the larynx and respiratory 
disturbance is exceptional; it is usually found only in cases associated with 
proliferation of the mucosa or with tumours. In the chronic hyperplastic 
tracheitis of dogs, chronic cough and symptoms of laryngeal stenosis are 
observed. 

Course and Prognosis. In the primary form the catarrh persists 
for a few days or at the most for 1 to 2 weeks, more rarely for months, 
in which case relapses occur and the development of tissue changes 
excludes the possibility of complete recovery. 

Treatment. ‘This consists principally in placing the animals at rest 


in warm and well-aired quarters and providing them with dust-free fodder _ 


consisting chiefly of green food and roots. In fine weather the animals 
may be placed in the open, especially in chronic cases. Animals only 
slightly affected may in favourable weather be put on light work. 
Dogs may be provided with chest harness or allowed to run free. 
Drinking water should be freely allowed, and for dogs may contain a 
little sugar. 
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If the cough is frequent and troublesome morphine may be given 
(morph. hydrochlor. 0-10, aqua dest. 12:0, 10 to 15 drops for dogs, 
2 to 3-hourly), codeine (codein. hydrochlor. 0-30, aqua dest. 60, 1 to 2 
teaspoonfuls, 3-hourly), heroin (diamorph. hydrochlor. o-10, aqua dest. 
150, I to 2 teaspoonfuls, 6-hourly). In larger animals these drugs may be 
given subcutaneously. In horses, however, heroin may cause great ex- 
citement, and in dogs stupor. In some cases bromides may be given, 
alone or in conjunction with codeine. 

Cold compresses to the laryngeal region are beneficial, but in the case 
of dogs should not be left applied overnight. In dogs with a sensitive skin 
dry compresses are preferable, especially in chronic catarrh. Inhalations 
of water vapour have also a favourable effect in the early stage when the 
mucous membrane is dry and irritable. When tenacious mucus is 
formed, these should be replaced by inhalations of 1 to 3 per cent. salt 
solution with sodium bicarbonate applied by means of an atomiser. 
When the secretion becomes profuse, astringent and antiseptic sprays 
have been advised, such as alum, tannin (1 to 3 per cent.), perchloride of 
Hom (Ot to. 0:3 per ‘cent.),;silver nitrate (o*1 {0-0-5 per ‘cent.), or: tar 
(aqua picis 10 per cent.). 


Inhalation is performed in the same way as in nasal catarrh (q.v.). Inhalation of steam or of 
fluids which easily evaporate requires no special apparatus, but spraying with other fluids needs 
the use of special atomisers. Small animals may be treated by placing them on a perforated 
board laid over a tub of boiling water, and birds by holding them with the beaks open over a 
vessel of boiling water. Cage birds can be treated by placing a vessel of hot water alongside the 
cage and covering the whole with a cloth, or the fluid may be sprayed directly into the cage. 
As in large animals only a small portion of the atomised fluid reaches the larynx, it is advisable 
to use a “special spray apparatus, which is introduced into the naso-pharynx and allows direct 
spraying of the larynx. 


[It is now recognised that in the treatment of chronic laryngeal catarrh 
the greatest benefit is obtained from measures directed to raising the 
general health of the animal—e.g., general comfort, fresh air, generous 
feeding. The application of drugs to the larynx by painting or inhalation 
often only distresses the patient, and the use of intratracheal injections is 
now generally condemned.—Ep. | 


' Japp Disease of Lambs. ~Under this name Hasenkamp described a disease often observed 
in Hanover and Westphalia affecting only animalsin pens. ‘The symptoms consisted in redness 
and swelling of the laryngeal and tracheal mucosa, albuminoid degeneration of the laryngeal 
muscles and hyperemia of the lungs. Bacteriological examination was negative. ‘The disease was 
erroneously attributed to mercurial intoxication (after treatment of sheep scab), otherwise it 
resembles clinically and anatomically the acute form of hemorrhagic septicemia. 

Whooping-Cough (Pertussis). In human medicine whooping-cough is an infective disease 
limited to the respiratory organs which usually occurs only in children; according to Bordet and 
Gengou it is caused by a smali, ovoid, Gram-negative bacterium, and is transmissible to young 
animals by cultures of this organism. After an incubation period of 3 to 14 days there develops 
an acute catarrh of the upper air passages, which after 1 or 2 weeks is followed by the charac- 
teristic cough in which sudden paroxysmal attacks of coughing are repeated till the whole of 
the inspiratory air is expelled, when a deep whooping inspiration is taken, followed by a further 
series of coughs. These attacks often end with eructation or vomiting. ‘They may occur at 
short intervals and can be excited by certain causes (fright, crying, depression of the tongue), 
The disease lasts for 4 to 12 weeks. 
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Markert observed in young dogs and their mothers a disease with similar symptoms to whoop- 
ing-cough in a district where this disease was prevalent among children, and was possibly 
transmitted to the dogs. The attacks of coughing persisted for about 4 weeks after the animals 
had been removed to the country and then disappeared completely. 


2. Croupous Laryngitis (Laryngitis Crouposa) 


(Croup ; Angina membranacea ; Laryngitis fibrinosa) 


Croupous laryngitis is characterised by the formation of fibrinous, 
pseudo-membranous deposits on the mucosa of the larynx and usually 
of the trachea, more rarely of the pharynx. — 

Etiology. Primary croupous laryngitis sometimes (although relatively 
rarely) develops after the inhalation of smoke, noxious fumes or other 
irritating substances (ammonia, chlorine, sulphurous acid, etc.). It may 
therefore occur after conflagrations or after careless disinfection with 
irritant vapours. Killham observed cases caused by the ingestion of 
bruised barley containing the awns, particles of which were . aspirated 

~into the larynx and upper part of the trachea. Croupous laryngitis 
may also be due to infective agents, but in this case exposure to cold 
appears to be a predisposing cause, as the disease is more prevalent in 
the spring and autumn, in wet and cold weather, after sudden changes 
of temperature, and after exposure in the open on cold nights. The 
causal agent of infection is not known, but the observations of Ernst 
indicate that in certain cases the necrosis bacillus may play a part. Other 
bacteria may also be concerned in the etiology (Makarewsky and 
Snamensky found streptococci in an enzootic in horses) and some cases 
may be due to paratyphus bacilli. 

Laryngeal croup sometimes occurs as a secondary condition in specific 
diseases (malignant catarrhal fever, croup of cattle, diphtheria of fowls 
and calves, cattle plague, sheep-pox, purpura hemorrhagica, acute 
glanders, etc.). 

Pathological Anatomy. At the base of the epiglottis, on the aryteno- 
epiglottic folds, and sometimes in the trachea and first part of the bronchi 
are found long tubular fibrinous deposits. ‘These are from 1 to 3 mm. 
thick, or thicker in larger animals, of greyish-white or brown colour, 
sometimes of soft or semi-fluid, sometimes of firm consistence. The 
subjacent mucous membrane is red and sometimes studded with 
petechia and infiltrated in its deeper layers with serous or purulent — 


fluid. 


Occasionally marasmic ulcers due to pressure are found in the larynx of debilitated animals 
and in the course of purpura hemorrhagica, also in animals which suffered from severe 
dyspnoea for some days before death. ‘These ulcers are usually situated symmetrically in the 
dorsal portion of the larynx, on the inner surface of both arytenoid cartilages, or at the 
lower end of the vocal cords—i.e., in places which come into mutual contact during re- 
spiration. The base of the ulcers is covered with greyish-yellow deposit, and their bodies 
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are sharply defined and surrounded by slightly reddened but otherwise normal mucous 
membrane. Fayet and others found in epizootic lymphangitis a granular ulcer with a 
purulent deposit. 


Sequele include purulent bronchial catarrh, catarrhal or croupous 
pneumonia, acute emphysema, acute swelling of the cervical or intra- 
thoracic lymph glands, and in cattle often croupous gastro-enteritis. 

Symptoms. The disease commences with symptoms of acute laryn- 
gitis, rapidly increasing in intensity and sometimes producing laryngeal 
stenosis, manifested by dyspnoea, whistling or rattling sounds, inspiratory 
stridor and laryngeal fremitus in the first days of the affection. These 
symptoms are accompanied by a rise of temperature and a dry, painful, 
spasmodic, particularly hoarse cough. After 3 to 5 days shreds of fibrin 
and fibrinous pseudo-membranous casts of the larynx or trachea are 
expelled, together with muco-purulent or purulent masses of secretion. 
After the expulsion of these masses considerable improvement of the 
symptoms occurs and recovery may result. Other symptoms are 
swelling of the regional lymph glands, acceleration of the pulse and sup- 
pression of milk secretion. 

Course. Death from asphyxia may occur on the third day, in young 
geese on the second day. Usually, however, the disease lasts longer, but 
seldom more than ro days. 

Diagnosis. A definite diagnosis of croupous laryngitis can be made 
when fibrinous membranes are expelled by coughing or vomiting, or in 
small animals are seen by direct examination. A presumptive diagnosis 
may be made in cases where laryngeal stenosis develops in 1 or 2 days 
and is accompanied by fever and the peculiar hoarse cough. In simple 
laryngeal catarrh such severe stenosis does not occur. The stenosis which 
results from the impaction of foreign bodies or animal parasites (Cstrus, 
Linguatula) in the larynx and that which occurs in glottic cedema may 
develop within an hour. Stenosis caused by neoplasms develops 
slowly. 

Prognosis. In small or young animals this is unfavourable, and 
recovery is exceptional in larger and older animals (in an epizootic in 
horses, Makarewsky and Snamensky experienced a mortality of 70 per 
cent.), especially in those debilitated by other diseases. On the other 
hand, the expulsion of an abundance of fibrin shreds and membranes 
is a favourable sign. When the lungs are involved the case becomes 
hopeless. 

Treatment. The treatment is on lines similar to those indicated for 
catarrhal laryngitis, clean, airy, hygienic surroundings being particularly 
important. In some cases in the dog the periodic administration of an 
emetic (apomorphine) proves beneficial. In impending asphyxia tracheo- 
tomy is indicated when the disease is limited to the larynx or upper 
portion of the trachea. Other treatment consists in the application of 
hot fomentations and in some cases artificial feeding may be required. 
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Breton and Larieux obtained favourable results in horses with anti- 
diphtheritic serum, but according to Schmiedhoffer’s experiments equally 


good results may be obtained by the use of any heterologous normal 
serum. 


3. (Edema of the Larynx (Edema Glottidis) 


(idema of the glottis results from an accumulation of serous fluid in 
the loose submucous connective tissue of the aryteno-epiglottic folds and 
the lateral ventricles of the vocal cords, resulting in laryngeal stenosis. 

‘Etiology. Primary oedema of the glottis may be caused by the inhala- 
tion of hot air, irritant gases or dust, or by injuries to the mucosa. Pre- 
disposing causes are over-exertion and excitement. In this way the 
affection arises after fatiguing marches along dusty streets and in outbreaks 
of fire. In young ducks fatal cedema of the glottis is sometimes caused 
by the stings of bees, which are ingested after falling into the water.. — 

In the great majority of cases, however, glottic oedema develops 
secondarily in the course of diseases of the larynx or the neighbouring 
organs (pharynx, tongue, parotid gland, submaxillary and retropharyngeal 
lymph glands). Collateral cedema may also develop in certain specific 
diseases (anthrax, blackleg, gas gangrene, swine fever, purpura hemor- 
rhagica, pox, etc.). It may also occur in cattle in connection with 
urticaria and has been observed in anaphylaxis caused by the injection 
of serum. 

Further causes are venous congestion in chronic heart disease, or from 
compression of the jugular vein by a tight halter, traumatic pericarditis, 
and hydremia. Weiss mentions as a cause of glottic oedema in fattening 
pigs the accumulation of fat in the submaxillary region, causing venous 
compression which leads to enlargement of the thyroid and pressure on 
the larynx. 

Pathological Anatomy. ‘The aryteno-epiglottic folds, the lateral 
ventricles of the vocal cords (ventricles of Morgagni) and the folds between - 
the epiglottis and the tongue form gelatinous swellings with a red or pale 
surface. On incision, a clear serous or sometimes turbid fluid escapes 
and the mucous membrane falls into folds. Exceptionally, there is puru- 
lent infiltration of the connective tissues, as has been seen in an epizootic 
observed by Lesbouyries and Berthelon in young cattle. Cidematous 
infiltration of the submucosa of the trachea may be found at the same 
time or independently of laryngeal cedema. 

Symptoms. I[n inflammatory glottic oedema severe laryngeal stenosis 
may develop within an hour or in.a few minutes, and is manifested by 
rapidly increasing dyspnoea, especially inspiratory, with whistling and 
rattling sounds. ‘The animals betray great anxiety and distress and.with 
increasing venous congestion become cyanosed. ‘The pulse is weak and 
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there is profuse sweating. In severe cases the animals die in convulsions. 
In congestive oedema the condition takes several days to develop and is 
subject to remissions. 

Diagnosis. Laryngeal croup is distinguished from glottic cedema 
by the slower development of stenosis, the presence of fever and the 
characteristic cough. Secondary acute glottic oedema occurring during 
the course of the primary disease may lead suddenly or gradually to 
laryngeal stenosis. Chronic cases are distinguished by the presence of a 
chronic primary disease and the absence of fever. Impaction of foreign 
bodies, parasites or pedunculated tumours can be distinguished from 
glottic cedema only by the history of the case. To avoid errors, direct 
examination of the larynx is advisable, in small animals with the unaided 
eye, in cattle and horses by the endoscope, and also by internal palpation 
if respiration allows it. | 

Treatment. In impending asphyxia immediate tracheotomy is 
necessary, after which the respiratory obstruction frequently disappears; 
in primary oedema arising from slight inflammation the operation may 
result in recovery, provided there is no cedema of the trachea. In cases 
exhibiting less dangerous symptoms, small animals may be treated by 
administering small pieces of ice, steam inhalations and the application 
of astringents. Nain succeeded in causing the oedema to disappear by 
repeated traction on the tongue. : 


4. Tumours of the Larynx (Tumores Laryngis) 


Incidence. ‘Tumours of the larynx are rare and most often found in 
horses and cattle. Retention cysts up to the size of a hen’s egg are 
sometimes found on the anterior surface of the epiglottis or sometimes 
below the cricoid cartilage in horses and occasionally in cattle. Fibroma, 
fibro-chondroma, myxoma, lipoma, papilloma, carcinoma, melanoma 
and lympho-sarcoma are very rarely found. Van den Eckhout ob- 
served laryngeal stenosis in a horse caused by an enchondroma of the 
arytenoid cartilage. Round, pyriform or lobulated proliferations of the 
mucous membrane (hyperplasia polyposa mucose laryngis) are sometimes 
found in connection with chronic laryngeal catarrh. ‘Thickening of the 
wall of the larynx due to chondritis and perichondritis ossificans is 
occasionally observed in horses. 

Tuberculous growths, which are similar to true neoplasms from the 
clinical aspect, are not uncommon in cattle, but rare in dogs and horses. 
They may attain the size of a hen’s egg, and are sometimes pedun- 
culated and usually situated behind the lower portion of the vocal cords, 
resembling fibromata in form and generally extending to the exterior of 
the larynx. Actinomycomata may also develop in the larynx, usually 
between the base of the epiglottis and the rima glottidis, and often 
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extend more superficially. (Zwijnenberg observed a pedunculated actino- 
mycoma on the lower border of the vocal cord.) | 

Retro-pharyngeal abscesses (generally tuberculous) occur chiefly. in 
young cattle. Compression of the larynx may be caused by goitre or 
venous ectasia. 

Symptoms. Tumours situated on the epiglottis or in the wall of 
the pharynx give rise to both dyspnoea and dysphagia, when situated 
elsewhere to dyspnoea only, usually with symptoms of expiratory and 
inspiratory stenosis; in either case there is coughing. ‘Tumours on the 
epiglottis cause dyspnoea chiefly in drink- 
ing. Sessile tumours cause gradually 
increasing dyspnoea, which is _ first 
noticed during exercise, while pedun- 
culated tumours first give rise to attacks 
of dyspnoea, which occur when they are 
aspirated into the rima glottidis and 
then displaced by coughing or in some 
other way. According to the size and 
mobility of the tumour the dyspnoea 
occurs only during inspiration or expira- 
tion, but soon affects both phases and is 
accompanied by rattling or whistling 

Fic. 129. Actinomycoma or tHe sounds. Holterbach observed complete 

wae IN A Cow (Laryncoscoric anhonia in a cow with a tuberculous 

: growth. In some cases there is a nasal 
discharge which may be mixed with blood. 

Tumours in the anterior part of the larynx are sometimes visible by 
direct illumination in small animals, and in horses and cattle by laryngo- 
scopic examination (Fig. 129), and can also be felt by the hand introduced 

_into the pharynx. An external swelling of the larynx is rarely seen, and is 
then almost always due to laryngeal tuberculosis. In this case it forms a 
hard encapsuled swelling which may reach the size of a hen’s egg and is 
usually situated on the lower surface of the larynx. 

Diagnosis. <A definite diagnosis, excluding laryngeal paralysis, 
tracheal swellings and nasal growths situated posteriorly, is possible only 
by internal examination of the larynx. A provisional diagnosis may 
be made, however, from the afebrile course of the affection, the presence 
of dyspnoea, occurring in paroxysms or gradually and associated with 
dysphagia, the signs of stenosis, the paroxysmal attacks of coughing which 
sometimes relieves the dyspnoea, and by the occasional presence of a 
painless swelling adherent to the skin on the outside of the larynx, accom- 
panied by laryngeal stenosis. In laryngeal tuberculosis, tubercle bacilli 
can be found in the pharyngeal or laryngeal mucus, except in cases of 
tuberculous fibroma, when the findings are often negative. In a case 
reported by Schmidt in a horse no tubercle bacilli were found in the 
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nasal secretion. In doubtful cases intercrico-thyroid laryngotomy may, 
if necessary, be performed. 

Treatment. The symptoms of dyspnoea can be relieved only by 
operation. Pedunculated tumours, and those which are not too wide- 
spread over the surface, can be removed by the ecraseur from the pharynx 
(after preliminary tracheotomy). For the removal of sessile, spreading 
neoplasms, or those situated more posteriorly, laryngotomy is required. 
Actinomycoma can be treated by specific chemo-therapy—+.e., iodide of 
potassium. 


SECTION II 
DISEASES OF THE BRONCHI 


1. Bronchial Catarrh (Catarrhus Bronchialis) 


BRONCHIAL catarrh is an inflammation extending to various depths of 
the mucosa of the bronchial tubes. It may be limited to the larger bronchi 
(Macrobronchitis) or to the smaller branches (Microbronchitis s. Bronchio- 
litis s. Bronchitis capillaris), or may involve the whole of the bronchial 
tree (Bronchitis diffusa). Catarrh of the larger bronchi is usually associated 
with catarrh of the trachea or larynx (Tracheo-bronchitis). 

Etiology. Primary acute bronchial catarrh is often caused by exposure 
to cold (cold and wet weather, north and east winds, cold nights and 
draughty stables). Young and aged animals are especially liable to the 
effects of cold, as are also those which have been overheated, especially 
after having been recently sheared or clipped. Another cause is the 
inhalation of air laden with dust, which may penetrate the bronchial 
tubes. ‘The spores of fungi contained in mouldy or damaged fodder act 
in the same way. Dennhardt observed bronchial catarrh in animals 
after feeding on plants which, growing near a factory, became covered 
with ashes. . 

Fluids or hard food particles entering the bronchial tubes during swal- 
lowing may set up bronchial catarrh. Clean and non-irritating fluids 
are comparatively harmless, but when contaminated by putrefactive 
bacteria and when retained in the bronchi for a long time, or when 
they contain insoluble material such as may occur in draughts, may 
cause bronchial catarrh, broncho-pneumonia, and even gangrene of the 
lung. ‘The crushing of eggs in laying hens during careless handling may 
cause the aspiration of particles of yolk into the lung through the ab- 
dominal air sacs, which are connected with the bronchi. .In rare cases 
larger foreign bodies (stones, ears of corn, needles, etc.) may gain entrance 
to the bronchi. | 

Bronchial catarrh is often due to a primary infection, especially enzootic 
catarrh of the lower air passages (q.v.). In cattle and young pigs the Coryne- 
bacterium pyogenes gives rise to enzootic and purulent bronchial catarrh, 
and infections of other origin also may occur in cattle and goats. Krage 
and Weisberger observed fatal broncho-spirochetosis in fowls caused by 
pathogenic proliferation, in the pharynx, of the spirochetes which are 
normally saprophytic in birds. 
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Acute bronchial catarrh may develop as a secondary condition in the 
course of acute diseases of the lungs, more rarely in those of the larynx 
and trachea, and often in connection with specific infective diseases 
(strangles, pox, foot-and-mouth disease, malignant catarrhal fever, dog 
distemper, etc.). In invasion by Ascarid worms, during the first two 
weeks the migrating larve may give rise to acute bronchial catarrh, 
especially in young pigs. 

Chronic bronchial catarrh may develop either from the acute form, or 
from the continuous or repeated action of similar causes which produce 
that condition. More frequently, however, it is secondary to long-con- 
tinued disturbances of the respiratory exchange and circulation in the 
lungs, with deficient aeration of the lungs, decomposition of the bronchial 
mucus, and impaired nutrition of the mucous membrane resulting 
from blood stasis. Such a condition occurs in chronic emphysema 
and chronic pneumonia, and in connection with affections of the 
heart and lungs (tuberculosis, glanders, actinomycosis). A further 
cause to be mentioned is parasitic infestation of the lung (* lung- 
worm ’’). | 

Very young, very old, anemic and cachectic animals and also obese 
pet dogs are particularly susceptible to bronchial catarrh. 

Pathogenesis. The bronchial and tracheal mucosa possesses a 
protective mechanism which to a very considerable extent prevents the 
noxious action of invasive bacteria and other pathogenic agents. Cough- 
ing and cellular ciliary movement directed towards the larynx promote 
the expulsion of irritant substances and bacteria which have entered the 
trachea and bronchi. The thin coating of mucus protects the mucosa 
against the direct action of such agents, and the numerous lymphoid 
follicles in the wall of the bronchi promote phagocytosis of small foreign 
particles. which have penetrated the mucosa. The smallest bronchi do 
not in the same degree possess these protective mechanisms, but they are 
usually adequately protected by the larger bronchi. ‘These protective 
mechanisms, however, may be insufficient in cases of severe injury to 
the mucous membrane, or in conveyance of the pathogenic agent by the 
blood stream. Under these conditions dilatation of the bloodvessels 
occurs, with swelling of the mucosa and increased secretion of mucus, 
and a sero-cellular exudation collects in the tissue of the mucosa and in 
the lumen of the bronchial tubes. The inflammatory factors sometimes 
reach the lung by way of the lymphatics, give rise to inflammation in 
that organ, and eventually to new connective tissue formation and loss of 
elasticity of the bronchial wall. In catarrh limited to the larger bronchi 
there is little difference in the air entry, and only slight acceleration of 
respiration due to irritation of the nerve endings of the vagus in the 
bronchial mucosa. In bronchiolitis, on the other hand, there is consider- 
able narrowing or obstruction of the bronchial lumen, and consequently 
a reduction of the surface available for gaseous exchange, which results 
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in laboured breathing. Extension of the inflammatory process to the 
parenchyma of the lung may give rise to emphysema. 

Pathological Anatomy. In acute catarrh of the larger bronchi 
the mucous membrane is uniformly or irregularly reddened, sometimes 
studded with dark red petechie, more or less swollen and covered with 
mucoid or purulent masses. ‘The mucous glands on pressure exude 
translucent drops of mucus. 

In catarrh of the smaller bronchi (capillary bronchitis or bronchiolitis) _ 
the lungs do not collapse on opening the thorax owing to the escape of 
air from the pulmonary alveoli being prevented by the obstructed 
bronchioles. Emphysema of the lung, and also.wedge-shaped, dark- 
coloured, depressed areas of atelectasia, which are often found, are due to 
the same cause, while similar foci raised above the surface are due to 
broncho-pneumonia. On incision of the lung, mucoid or purulent exudate 
containing air bubbles escapes from the affected bronchi. 

In chronic catarrh the bronchi contain a serous, mucous, purulent or 
even caseous secretion. ‘The mucosa is usually greyish-red or brown and 
irregularly thickened, occasionally pale and attenuated. Connective 
tissue proliferation may give rise to villous formations of various sizes, and 
also to hard nodules, sometimes with a caseous centre, connected with 
the bronchial wall (Peribronchitis nodosa). This process may be accom- 
panied by proliferation of the lung tissue (according to Hintze, this is 
common in cattle). | 

In the anterior and inferior portions of the lungs areas of bronchi- 
ectasia are found of varying extent and with muco-purulent and sometimes 
foetid contents. 

In aspiration bronchitis, as well as in bronchiectasis, and occasionally 
in the absence of these conditions, the bronchial contents, and later the 
walls of the bronchi, undergo disintegration, and become fcetid and of 
a dirty green colour (Bronchitis putrida). In aspiration bronchitis 
particles of food or other foreign bodies are usually found in the bronchi. 

The bronchial lymph glands may present acute or chronic enlarge- 
ment. 

Symptoms. In acute catarrh of the larger broncht there is always a 
short, dry, painful cough, which with increase and liquefaction of the secre- 
tion becomes looser and under certain conditions paroxysmal. Respira- 
tion is accelerated only in the early stages, when the condition 1s extensive, 
though the secretion may be scanty (Bronchitis sicca). After the second 
or third day rales are heard and continue throughout the course of the 
disease. When the secretion is thick and tenacious they are sharp and 
crepitant, but when the secretion becomes more fluid they are moist and 
dull. Coarse and dull rales generally suggest affection of the larger 
bronchi, while high-pitched finer rales are more indicative of affection 
of the bronchioles. Also, loud rales are heard chiefly in affection of the 
more superficial parts of the lung, fainter sounds in affection of the deeper 
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parts. Sometimes they are so loud that they can be heard when the 
observer is near the animal without his performing actual auscultation, 
and superficial rales can be felt by the hand (bronchial fremitus). _Whist- 
ling or sibilant rhonchi are also frequently heard. 

A nasal discharge is often present, with mucoid or muco-purulent 
secretion, which later contains many pus cells. At the onset the tempera- 
ture is usually raised (in catarrh of infective origin it may reach 40° to 
42° C.), but usually falls on the second or third day. The pulse is often 
accelerated, and lassitude or stupor is frequently observed. 


The aspiration bronchitis of sucking calves (vide supra) 1s manifested by spasmodic attacks 
of cough and dyspnoea, wide dilatation of the nares, anxious expression, and accelerated and 
laboured respiration. Death may occur in a few minutes, or bronchial catarrh with broncho- 
pneumonia may result, sometimes with recovery. 


Acute catarrh of the smaller bronchi is often preceded by catarrh of the 
larger bronchi. In this case the cough is weak and may remain dry, and 
is accompanied by only slight expectoration. Respiration is accelerated 
and laboured during expiration, Occasionally there are attacks of 
dyspnoea. 

The percussion note is often hyper-resonant at the borders of the lungs 
as the result of acute emphysema. The posterior border of the lung is 
generally displaced as far as the level of the costal arch, especially in cases 
due to the inhalation of noxious fumes or irritant gases. Very occasionally 
atelectatic areas of lung tissue may cause localised dulness on percussion, 
but these are more usually due to broncho-pneumonic foci. On ausculta- 
tion fine or crepitant rales are heard. Vesicular breathing is accentuated 
in some places, in others diminished or heard only intermittently. Further 
symptoms are acceleration of the pulse, lassitude and dulness, and de- 
creased appetite. 

In birds bronchial catarrh is manifested by cough, rapid breathing, with 
rales which can be heard at a distance as rattling sounds, especially when 
the bird is flying. 

In chronic bronchial catarrh the cough is at first manifested only during 
exercise or after the inhalation of cold air or other sources of irritation. 
It is usually prolonged and moist, rarely painful, and sometimes accom- 
panied by the expectoration of thick mucoid or muco-purulent secretion. 
At a later stage the respiration becomes laboured. On auscultation rales 
and sibilant rhonchi are heard, especially in deep breathing (after 
exercise or Closure of both nares for 30 to 45 seconds). The temperature 
is raised only on the occasion of an acute exacerbation or as the result of 
a febrile primary disease. The general condition remains satisfactory for 
a relatively long period, but after a few months emaciation and anemia 
progressively develop, especially in older animals. 

Gangrenous bronchitis is characterised by a stale, sweetish odour in the 
expired air and the nasal secretion, the latter being of a dirty discoloration 
and increased after attacks of coughing. The symptoms otherwise re- 
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semble those of ordinary bronchial catarrh, but frequently terminate in 
gangrene of the lung. ‘The percussion note is occasionally tympanitic 
over the lower part of the lungs, and there may be bronchial or 
amphoric breathing, or sometimes metallic rales resulting from bron- 
chiectasis. . 

Course. Acute catarrh of the larger bronchi generally persists for 
2 or 3 weeks, but may sometimes result in recovery within a. few days. 
Bronchiolitis 1s of longer duration and may be associated with broncho- 
pneumonia, which often terminates fatally. Bronchiolitis may also in 
itself prove fatal. Chronic bronchial catarrh extends over several weeks 
or months or even years, according to the hygienic conditions which 
obtain and depending also upon whether the condition is of primary 
or secondary origin. In prolonged cases acute relapses sometimes 
occur. 

Diagnosis. ‘This presents no difficulty, as the presence of rales and 
sibilant rhonchi are distinctive. The rales heard in pulmonary cedema 
and hemorrhage are of sudden onset and are associated with severe 
symptoms; usually they are associated with a frothy or bloody nasal dis- 
charge. The part of the bronchial tree affected can be approximately 
determined by the character of the rales and the degree of respiratory 
disturbance; the acute or chronic nature of the catarrh by its mode of 
onset and further progress. The distinction between primary and second- 
ary catarrh is sometimes difficult, and may be determined only by a com- 
plete clinical examination. The absence of other affections points to 
primary catarrh, while high fever and severe respiratory distress indicate 
affection of the lungs. Bronchiolitis may give rise to similar symptoms, 
and a distinction between bronchial catarrh and catarrhal pneumonia is 
frequently impossible. 

Prognosis. Primary catarrh of the larger bronchi is on the whole 
a benign affection in distinction to catarrh of the smaller bronchioles, 
which may lead to asphyxia or to catarrhal pneumonia. As this form 
predominates in young, aged or debilitated animals, and often occurs 
after inhalation of noxious fumes and irritant gases, the prognosis is always 
doubtful, and in cases with high temperature and severe dyspnoea un- 
favourable. ‘The prognosis in secondary bronchial catarrh chiefly depends 
upon the nature of the primary disease. 

Treatment. ‘The animal should be housed in well-ventilated quarters 
kept at a uniform moderate temperature. For small animals the air 
may be moistened by evaporating water in a vessel placed on a stove, by 
hanging up wet cloths, or by means of a spray. Working animals must be 
kept at rest. ‘The diet should be easily digestible and free from dust, and 
should contain a sufficiency of water or be mixed with it. A free supply 
of pure cold drinking water should be provided. 

Treatment of the cough with narcotics, as in laryngeal catarrh (vide 
supra), is indicated only when the cough is frequent and distressing, and 
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there is little or no secretion, but in cases with more profuse secretion it 
is contra-indicated. 

When the bronchial secretions are scanty and tenacious their expectora- 
tion may be facilitated by the administration of expectorants and de- 
mulcents, which are excreted by the bronchial mucosa, cause liquefaction 
of the secretion and promote the excretion of fluids. They include 
ammonium chloride (8 to 15 grammes for large animals, 0-2 to 1-0 
gramme for small ones; for birds a teaspoonful of the following mixture 
three to four times daily: ammonium chloride 0:5, honey 0-5, aqua 
foeniculi dest. 50:0 grammes); sodium chloride, for large animals in 
the form of artificial Carlsbad salts (20 to 300 grammes for cattle, 
10 to 20 grammes for horses); iodide of potassium (5 to 10 grammes 
for cattle and horses, 0-25 to 1:0 gramme for dogs). Stimulating 
expectorants may also prove useful in a later stage. Henkels and 
others obtained favourable results in horses with subcutaneous in- 
jections of ether (5 to 10 c.c.) in cases uncomplicated with pneu- 
monia. : 

Inhalations of saline, astringent or antiseptic poles are of little 
value in these cases, because only a small part of the inhaled vapour reaches 
the deeper air passages, what little effect they have being due to the 
moisture in the inhaled air. In extensive bronchiolitis the dyspnoea 
may be relieved temporarily by inhalation of oxygen. A convenient 
method of oxygen administration is by subcutaneous injection, 
preferably with a manometer between the injection needle and the 
oxygen container. Small dogs may be given 200 to 300 c.c., larger 
dovs. 1,060.10. 1,300...c.c,, Jaorses--and: cattle 7 to, Sy litres.” > The 
injection is made in the lumbar region with the needle directed 
towards the head, under a water pressure of 15 to 25 cm. After ab- 
sorption of the gas the injection is repeated till the severe syinplones are 
relieved. 3 

Intratracheal injections of liquefacient, astringent or antiseptic solu- 
tions are entirely contra-indicated. 

Moist and warm fomentations to the chest are beneficial in all cases 
of extensive bronchial catarrh, but are of special value when applied in 
the early stages. ‘They are usually applied by blankets which have been 
wrung out of hot water. Immediately after the application the skin of 
the chest should be quickly dried and a thin mustard paste or a stimulating 
liniment briskly applied. In many cases stimulants are indicated 
(camphor, ether, caffeine). 

Bronchial Croup (Bronchitis Crouposa). This condition may develop 
in cattle and sheep under conditions similar to those in which laryngeal croup 
develops, or it may be secondary to nasal and laryngeal croup. According 
to Giovanoli’s observations, a primary bronchial croup occurs in young cattle 
and calves in the spring, the cause of which is unknown. In this affection the 


bronchial mucosa is covered with tubular fibrinous pseudo- ee. anes ol 
obstruct or completely occlude the lumen. 
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The symptoms commence with sudden or rapidly increasing dyspnoea and 
a slight rise of temperature. Auscultation reveals loud rales and _ sibilant 
rhonchi, and pectoral fremitus can be felt on palpation. Diagnosis depends on 
the expectoration of cylindrical or branching croupous membranes. These 
are sometimes swallowed from the pharynx, or lead to asphyxia before 
they have become separated. ‘The disease may terminate fatally in 2 or 3 days, 
especially in young animals, but in strong adult animals may terminate in re- 
covery. Primary bronchial croup in young cattle commences suddenly, without 
previous general symptoms, with difficulty in respiration, great distress and 
unrest, and then subsides equally suddenly after the expectoration of branching 
fibrinous casts twisted spirally at their ends. 

Treatment is the same as in laryngeal croup, but in primary bronchial croup 
tracheotomy is usually unnecessary. 


2. Infectious Catarrh of the Lower Air Passages (Laryngo- 
Tracheo-Bronchitis Infectiosa Enzootica) 


Under this heading are included several acute infectious and con- 
tagious diseases caused by several pneumotropic filtrable viruses, 
often in association with certain secondary bacteria, characterised by 
manifold catarrhal changes in all the air passages, but chiefly in the 
bronchial tubes, which may sometimes extend to the lungs. 


(a) Enzootic Infectious Laryngo-Tracheo-Bronchial Catarrh of 
Horses (Laryngo-Tracheo-Bronchitis Contagiosa Equorum) 


(Infectious cough ; Hoppegarten cough ; Enzootic cough ; Infectious laryngeal catarrh ; 
Infectious catarrh of the air passages ; Epizootic laryngo-tracheal catarrh ; Scalma, etc.) 


This affection consists in a highly infectious catarrh of the deeper air 
passages caused by a specific filtrable virus, with predominating bronchitis 
and peribronchitis, the principal symptom of which is cough. 

‘Etiology. After Finzi had previously demonstrated the positive 
results of inoculation with blood filtrates, Waldmann and Kébe proved 
the disease to be caused by an ultra-virus present in the lungs at the acme 
of the disease and in the blood also during the febrile period. ‘The virus 
appears to possess relatively low powers of resistance, and in the frozen 
condition does not remain infective for more than 23 days. 

Pathogenicity. The application of a bacteria-free filtrate of an 
emulsion of lung tissue to the intact nasal mucosa produces the same 
disease in the horse as occurs under natural conditions. ‘The disease can 
also be reproduced in cattle and young pigs by intranasal injection, and 
from these can again be transmitted to the horse. In cattle the same 
clinical and anatomical conditions are present in the inoculated disease, 
but in young pigs the symptoms are limited to conjunctivitis, lassitude 
and diminished appetite, appearing 1 or 2 days after inoculation, 
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and after destroying the animal on the fourth to sixth day, grey or reddish- 
brown slightly raised pulmonary lobules are seen without mucoid exuda- 
tion in the bronchi. Histologically the changes are the same as in the 
horse. 

Natural infection takes place principally from animal to animal, the sources 


of infection being usually remounts or newly purchased animals. It 


may also be conveyed by man and by intermediate carriers. The virus 
first concentrates in the naso-pharyngeal cavity, then enters the circulation 
and reaches the lungs, but a bronchogenous invasion in some cases cannot 
be excluded. Susceptibility to infection is not affected by breed or age, 
but unfavourable external conditions tend to promote secondary bacterial 
infection. 

Pathological Anatomy. In uncomplicated cases after natural 
infection, signs of bronchial catarrh with tenacious mucous secretion 
extending to the finest bronchioles, marked swelling of the bronchial 
lymphatic glands and histological changes of peribronchitis, and 
in some enzootics laryngo-tracheitis, are present on post-mortem 
examination. 

After secondary bacterial infection signs of broncho-pneumonia are 
found in the anterior portion of the lung, suppuration in the interlobular 
tissue, and tenacious, sometimes purulent secretion in the bronchi. 

Symptoms. The incubation period in natural infection is 2 to 6 
days, after artificial infection about 2 to 3 days or more. The early 
symptoms are mild and may easily escape notice; they consist in slight 
conjunctivitis, serous nasal catarrh, congestion of the nasal mucosa, and 
tenderness to pressure over the larynx and trachea. After 1 to 4 days the 
most prominent symptom is a harsh, dry, painful cough, and during this 
time there may occur a temporary rise of temperature, resulting from the 
entrance of the virus into the circulation. Afterwards the temperature is 
only slightly above 38° C. The submaxillary lymphatic glands become 
somewhat enlarged and painful. On auscultation rales are heard over the 
tracheal region. The general symptoms comprise lassitude or languor, and 
sometimes slight tremors. The appetite is usually affected only at the time 
of the rise of temperature. At a later stage the cough slowly diminishes in 
frequency, and after 2 or 3, or in some cases 6 to 8 weeks, together with 
the other symptoms, disappears without treatment. 

While the simple virus infection tends to remain comparatively harm- 
less, and in a number of cases confers a certain degree of immunity, compli- 
cations resulting from secondary infection, especially after over-exertion, 
have an unfavourable effect on the course of the disease. The onset of 
these complications is indicated by a rise of temperature to 41° C., persist- 
ence of the cough, loss of appetite, emaciation, the occurrence of muco- 
purulent rhinitis and conjunctivitis, and occasionally circumscribed 
areas of dulness in the lungs, with accentuation of vesicular breathing. 
Such cases may terminate fatally. 
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Treatment and Prophylaxis. The animals should be rested im- 
mediately after the appearance of symptoms and fed on bran and bruised 
oats and moistened hay. In fine weather they may be kept in the open. 
Medicinal treatment is unnecessary (in Waldmann and K@6be’s cases 
neosalvarsan was ineffective). Argun obtained good results with intra- 
muscular injections of ether (7:5 c.c.). Sometimes the infection ceases 
after a change of location. ‘The stables should be thoroughly disinfected. 
It is advisable to keep the stud separated in several groups and to keep 
newly purchased horses under observation for several days. 


(b) Infectious Bronchitis and Broncho-Pneumonia of Horses 


(Horse typhus ; Malignant strangles) 


This is an acute febrile disease manifested by catarrh of the larynx, 
trachea and bronchi, with involvement of the lungs, caused by the ultra- 
virus of the infectious laryngo-tracheo-bronchial catarrh with secondary 
coccal infection. | 

‘Etiology. After Kossmag had suggested that the disease may be due 
to an ultra-virus which probably belonged to the influenza group and that 
it was allied to infectious laryngeal catarrh, Waldmann and Kobe proved 
experimentally that it was a complication form of enzootic infectious 
catarrh of the lower air passages, in which a primary infectious catarrh 
caused by a filtrable virus is followed by secondary infection, mostly 
by a streptococcus (identical with Schiitz’s Diplococcus pneumonie), occasion- 
ally staphylococci or other micro-organisms which give rise to inflammatory 
processes in the bronchial mucosa and lung tissue, with involvement 
of other organs. Riither reported the finding of certain forms of trypano- 
somes in fresh specimens of lung tissue, and also short spirochetes in the 
blood. 

Natural infection takes place in the same way as in primary enzootic 
catarrh (vide supra) under unfavourable environmental conditions—e.g., 
over-exertion, prolonged railway transport, etc.—after which there occurs — 
secondary infection by the usual bacterial inhabitants of the mucous 
membrane, chiefly hemolytic streptococci. The disease is highly infec- 
tious and spreads rapidly among all the animals without any distinction 
as to breed, age, sex or condition, although young, aged and re- 
cently purchased animals are more susceptible. Bésch observed that 
horses recovered from infectious pleuro-pneumonia were immune to 
infection. 

Pathological Anatomy. ‘The lungs are markedly emphysematous, 
especially in the apical and cardiac lobes, and their borders are rounded. 
In the anterior portions of the lung are found yellowish or brownish-red 
areas of hepatisation which on section show a moist, smooth and glistening, 
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The interlobular tissue is 
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and sometimes granular or marbled surface. 


of gelatinous consistence, and often presents purulent or gangrenous foci 
which may coalesce to form a suppurating cavity. The bronchi usually 
contain an abundant muco-purulent secretion which forms masses often 


leading to occlusion of the lumen; the bronchial mucosa is red and 


thickened. Bronchiectasis is also not uncommon. 
phatic glands are enlarged and oedematous. 


The bronchial lym- 
Wirth found suppuration 
The anatomical 


picture is often completed by parenchymatousdegeneration and septicemic 


in the retropharyngeal and subparotid lymphatic glands. 
changes in the organs. 
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INFECTIOUS BRONCHO- 


AND RESPIRATION CURVES IN 
PNEUMONIA OF THE HORSE, TERMINATING IN RECOVERY. 


Purse 


5) 


‘TEMPERATURE 


130.— 


Fic. 


In some cases the symptoms commence with lassitude 
and dejection; in other cases they resemble those of infectious catarrh 


(q.v.) with persistent cough and a rise of temperature (Fig. 130). 


Symptoms. 


The 


temperature may vary to the extent of several degrees within the course of 
2 or 3 days, or there may occur sudden rises after afebrile intervals. 


The pulse rate varies between 48 and 60, and in exacerbation of the 


condition it may reach 60 to 80, but remains fairly strong unless septicemia 


The conjunctive are often injected 


or pulmonary gangrene supervenes. 


and sometimes icteric. 
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There is always a profuse nasal discharge, at first mucoid or muco- 
purulent, but afterwards purely purulent and consisting of creamy or 
yellowish-green masses of secretion which may later become feetid. In 
most cases there is also a sero-mucous or sero-purulent discharge from the 
eyes. ‘The submaxillary lymphatic glands are somewhat enlarged, and 
sometimes suppuration occurs in these and other cephalic lymphatic 
glands. 

Respiration is at first only slightly accelerated and laboured, but at 
the onset of pneumonia becomes increased to 40 to 60 per minute, and 
is accompanied by inspiratory dyspnoea with dilatation of the nares and 
general acute dyspnoeic distress. Cutaneous emphysema may also occur 
as the result of interstitial pulmonary emphysema. In cases associated 
with broncho-pneumonia there are circumscribed areas in which, the 
percussion note is dull and bronchial breathing is heard, with increased 
vesicular breathing in the other parts of the lung. Rales are always 
present. 

The appetite remains good for a time, but in severe cases becomes 
reduced or suppressed. Occasionally there is diarrhoea with evacuation 
of foetid stools. The complications include pulmonary gangrene, more 
rarely pleuritis, encephalitis, often purpura hemorrhagica and sometimes 
laminitis (founder). 

Course. In favourable cases improvement takes place after 2 to 3 
weeks, sometimes earlier, and after temporary rises of temperature recovery 
ensues in 4 to 5 weeks. In many cases, however, the disease continues 
for 7 or 8 or even g to 12 weeks. Sudden exacerbations or relapses may 
terminate fatally even after several weeks of improvement and absence of 
fever. In other cases the symptoms become aggravated from the 
first and death may take place in 3 to 12 days. The mortality varies 
from 12 or 28 per cent. (Reinhardt) to 63 per cent. (Wirth). Sometimes 
“broken wind’? remains as the result of chronic bronchitis, atelectasis, 
induration or emphysema of the lung. 

Diagnosis. The disease is distinguished from infectious pleuro- 
pneumonia by the absence of the characteristic yellow ‘colour of the 
palpebral conjunctiva and rust-coloured nasal discharge; also by the 
atypical course of the temperature, the small area of the pulmonary 
affection as revealed by percussion and auscultation, and the irregular 
course of the disease. In distinction to strangles, purulent catarrh and 
suppuration of the lymphatic glands are rarely seen. Equine influenza 
is excluded by the absence of the early loss of appetite, marked intestinal 
symptoms, and gelatinous swelling of the conjunctiva, which are charac- 
teristic of that disease. In infectious anemia, broncho-pneumonia is 
absent and as a rule also cough, and in both its acute and subacute 
forms there is progressive debility, emaciation and a reduction of the 
number of red blood cells, Both diseases may, however, occur simul- 


taneously, 
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Treatment. It is of primary importance to ensure that the patient 
be placed under good hygienic conditions with particular reference to 
ventilation, suitable diet and general comfort. Medicinal treatment is 
regarded as of secondary importance, but see the reference to sulphanil- 
amide at p. 571. Reinhardt employs subcutaneous injections of anti- 
streptococcal serum (200 c.c., followed by one or more injections of 100 
to 150 c.c.), by which the mortality is said to have been reduced from 
27°40 to 19:25 per cent. Rothaar and Henn claim that by intravenous 
injections of 150°to 300 c.c. of convalescent or normal serum the mortality 
is reduced to 14:7 per cent., as against 21-4 per cent. in animals treated 
symptomatically. Poret reported good results from intravenous injections 
of 2-5 per cent. carbolic acid (twice daily, commencing with 10 c.c., 
increased daily by 10 c.c. up to 150 c.c.), and Argun, in Turkey, from 
intramuscular injections of ether (7:5 c.c.).. Riither recommends trypano- 
cidal drugs (trypan-red, trypan-blue, antimony, etc.). 

Prophylaxis. ‘This, as in cases of infectious catarrh (p. 502), consists 
in the isolation of the affected animals, disinfection of stables, feeding 
utensils, etc., the use of individual drinking vessels, avoidance of exposure 
to cold and over-exertion. During the course of an epizootic the tempera- 
tures of the apparently healthy contact animals should be taken daily. 


(c) Infectious Bronchitis and Broncho-Pneumonia in Cattle 


(Cattle distemper ; Cattle influenza) 


Incidence. ‘Two years after Grimm had reported the occurrence of 
a form of infectious bronchitis in cattle, in certain regions of Bavaria an 
enzootic and in some districts epizootics occurred in cattle at the same time 
as an epidemic of human influenza, to which the cause was attributed. 
Since then similar enzootics have appeared, independently of the exist- 
ence of human influenza, in different parts of Germany, Denmark, 
Bohemia, Austria, Italy, France and Switzerland; these were reported by 
Janson in 1889 and another outbreak was reported in 1892 in Japan. A 
similar disease has also been described in goats. 

Etiology. According to the investigations of Waldmann and Kobe, 
the causal agent is an ultra-virus which is probably identical with that caus- 
ing infectious catarrh of the lower air passages in the horse, as bacteria- 
free filtrates of affected lung tissue from the horse transmit the disease 
to cattle. Foals artificially infected with the horse virus and placed among 
cattle gave rise to an enzootic infecting 82 per cent. of the experimental 
animals, in which the clinical and pathological symptoms were those of 
typical infectious bronchitis of cattle. A positive result was also obtained 
by artificial inoculation. | 

In cattle also, secondary infections are caused by streptococci, mono- 
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cocci, pasteurella and pyogenic bacilli which give rise to the development 
of broncho-pneumonia. ‘These secondary organisms were regarded by 
several observers as the primary cause of the disease, since it had 
been observed that pasteurella occasionally found in enzootics in 
cattle and sheep in Japan were highly. virulent in laboratory animals 
(Futamura). 3 

Natural infection takes place through the ingestion of food and water 
contaminated with the excretions of affected animals, and also through 
the inhalation of the expired air or the droplets of secretion expelled in 
coughing (proved by artificial intranasal infection). Infection may also 
be conveyed indirectly by byre utensils, attendants and probably also by 
insect vectors. 

The disease is chiefly spread by the sale and purchase of animals, 
often through the cattle market; occasionally by horses affected with 
infectious catarrh. Weischer traced three enzootics to cows which had 
contracted infection in the market. 

Predisposing causes of infection are undue exposure to cold and wet, 
especially during the wintry seasons, fatigue from long journeys on foot 
or by rail and ship transport, over-exertion; indeed, debilitating influ- 
ences arising from any cause. 

In some enzootics youth appears to be a predisposing factor (calves 
are more often and more severely affected). Susceptibility to infection 
varies in individual enzootics and in different herds, so much so that 
sometimes only a 5 per cent. incidence occurs and at other times nearly 
the whole herd is affected without any distinction of age. In some 
enzootics those cattle which are in immediate contact with the affected 
animals may escape infection while the disease spreads rapidly to distant 
farms. Natural transmission of the disease to animals other than cattle 
has not been observed. 

Pathological Anatomy. The laryngeal, tracheal and bronchial 
mucose are uniformly or irregularly congested and often studded with 
petechie. The lumen of the bronchi and trachea is filled with frothy, 
mucoid or purulent masses of exudate, sometimes containing small blood 
clots. In complicated cases the anterior portions of the lungs show signs 
of red or yellow hepatisation and may be gangrenous foci, and in some 
cases a fibrinous deposit on the surface. ‘The remaining portions of the 
lungs are usually emphysematous. The bronchial and mediastinal 
lymphatic glands are enlarged and may contain hemorrhages. ‘The liver 
and kidneys are enlarged, and the liver is sometimes of a yellow colour and 
shows degenerative changes. Degenerative processes in the muscles and 
gelatinous infiltration in other parts of the body have also been de- 
ier Occasionally the intestinal mucosa is injected and studded 
with petechie. 

Symptoms. The Oe is usually manifested clinically after a 
short inculfation period of 2 to 10, or more rarely 12 days, with a rise 
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of temperature (39°5° to 41°5° C.), unequal distribution of the surface 
temperature, reduced appetite and lassitude, and reduction of milk secre- 
tion. A dry, painful cough, with tenderness over the laryngeal and 
tracheal region, is a constant symptom. The nasal mucosa is intensely 
injected and soon discharges a watery, mucoid or purulent secretion from 
both nostrils. At the same time there may be slight or purulent con- 
junctivitis, profuse lachrymation and swelling of the eyelids. In severe 
cases salivation, stretching of the neck, acceleration of respiration with 
dyspnoea and dilatation of the nares are observed. On auscultation signs 
of bronchitis are usually present (vesicular breathing, rales and rhonchi). 
After the onset of pneumonia (which can occur in as many as 50 per cent. 
of the cases) there is dulness to percussion over the anterior, inferior, and 
may be other parts of the thorax, and sometimes bronchial breathing. 
Interstitial pulmonary emphysema is often present and frequently associ- 
ated with cutaneous emphysema, and is manifested by hyper-resonance 
on percussion and crepitation on auscultation. The pulse rate is at first 
little changed, but soon rises to 70, go or 100 per minute, and at the same 
time becomes weaker. The animal rapidly loses aes and soon 
becomes emaciated. In some enzootics diarrhcea is observed. 

The newly born calves of infected cows, from 1 to 3 days after birth, 
are affected with slight nasal discharge, lachrymation, cough and acceler- 
ated respiration. 


In affections resembling influenza Brauer and others observed gastro-intestinal catarrh, 
arthritis and mastitis, in some cases also internal ophthalmia, depression and slowness in gait, 
in spite of which the prognosis was favourable. 


Course and Prognosis. While in about 50 per cent. of cases there 
is only a variable degree of catarrh of the respiratory passages—indeed, in 
some herd infections there may occur only a single case of infectious nasal 
catarrh—on the other hand severe bronchitis or broncho-pneumonia may 
develop. In cattle distemper in Japan complications have been ob- 
served, including paralysis and other nervous affections, and also oedema- 
tous swellings. 

In cases of simple catarrh recovery takes place in 8 to 14 days, 
but in more severe infection not before 3 or 4 weeks, and catarrhal 
symptoms with cough EPs after slight exertion may persist for 2 


months. ° 


The mortality varies considerably in different enzootics, the figures 


given by different observers ranging from 2-46 to 30 per cent. Even with 


a comparatively low mortality, however, the material losses may be con- 
siderable, owing to frequent abortion (15°74 per cent. in Futamura’s 
cases), deterioration in the physical condition of the animals and the re- 
duced secretion of milk (about 50 per cent.). 

Diagnosis. ‘This presents difficulty only at the onset of the affection 
and in isolated cases. Ata later stage the mode of extension of the disease, 
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together with the clinical symptoms and often the history of an infectious 
origin (cattle-markets, etc.), will assist in arriving at a correct diagnosis. 
In the differential diagnosis the following affections must be excluded: 
lung-worm infestation, pneumonia due to foreign bodies or aspira- 
tion, malignant catarrhal fever, and the pectoral form of cattle 
septicaemia. , 

Treatment and Prophylaxis. Treatment includes the application 
of cold compresses to the thorax, the administration of expectorants and 
if necessary antipyretics (sodium salicylate), subcutaneous injections 
of caffeine citrate (2 to 3 grammes), and narcotics in cases with severe 
cough. If the animals are distressed by the internal administration of 
medicaments these are best omitted, as they have little influence on the 
course of the disease. This applies also to inhalations. Wyssmann occa- 
sionally obtained favourable results from venesection, and Severgnini 
from a single subcutaneous injection of 40 to 60 c.c. of sterilised milk 
(boiled for ro to 15 minutes and filtered through sterile muslin). 

Prophylactic measures include isolation of the affected animals, 
cleansing and disinfection of the animal houses, which may be followed 
by fumigation with tar vapour produced by careful steaming of pix 
liquida in a vessel over a low fire. ‘This should be repeated on several 
consecutive days. [This is generally considered to be a useless pro- 
cedure.| Cattle bought from the market should be kept under 
observation for several days before placing them among the herd. 


(d) Swine Influenza 


AEtiology. Recent researches by Shope and Lewis have demonstrated 
that this disease, which is widespread in North America and also occurs 
in the Argentine, in Australia, and probably also in Holland, is caused 
by a specific filtrable virus and the bacterium Hemophilus influenze suis. 
The virus is pathogenic for swine and also for ferrets and mice. It retains 
its virulence in 50 per cent. glycerin for 75 days at freezing-point. The 
introduction of the virus, or the filtrate from an emulsion of pulmonary 
and lymphatic gland tissue, into the nasal cavity of swine gives rise only 
to a slight afebrile affection of short duration with symptoms resembling 
those of influenza. In order to produce typical influenza it is necessary 
to inoculate with a mixture of the specific virus and the Hemophilus influenze 
suis, which again exerts its pathogenic action only in an animal affected 
by the virus. 

Natural infection takes place from expectorated droplets of secretion and 
also from the nasal and conjunctival discharge. ‘The infection is spread 
by slightly affected animals and virus carriers, by the blood of slaughtered 
swine, by the use of skimmed milk from infected yards and also by attend- 
ants. Swine of all ages are susceptible to infection except sucking pigs, 
which appear to be immune. 
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Pathological Anatomy. Post-mortem examination shows extensive 
pulmonary atelectasis with exudative bronchitis and sometimes broncho- 
pneumonia, swelling of the lymphatic glands, especially the cervical and 
mediastinal, and also slight swelling of the spleen and congestion of the 
gastric and intestinal mucosa. 

Symptoms. In America the disease occurs annually in the colder 
weather of autumn (November and December), and subsides in February 
(McBryde). After an incubation of 2 to 7 days the symptoms commence 
with lassitude and diminished appetite, dry cough, a rise of temperature 
to 41° C., and accelerated respiration, followed by a sero-mucoid discharge 
from the nose and eyes. In mild cases the animals recover in 3 to 7 days, 
but regain their lost weight slowly. About 2 to 3 per cent. become 
marasmic. Pregnant sows occasionally abort. Recovery confers com- 
plete immunity. The mortality averages 1 to 5 per cent., but may be 
10 per cent. or more in cases complicated by broncho-pneumonia or 
sero-fibrinous pleuritis. : 

Treatment. ‘Treatment is entirely symptomatic, but drugs of the 
sulphonamide group (p. 571) may be tried. Prophylaxis consists in 
avoidance of the conditions which lead to infection. 


Influenza of Young Pigs. According to Waldmann’s and Kébe’s in- 
vestigations, this is a chronic affection occurring in young pigs of 3 or 4 weeks 
of age and is caused by the combined action of a specific filtrable virus and 
the Bacterium inftuenze suis. The latter is closely allied to Pfeiffer’s influenza 
bacillus. According to Kirchenbauer and ‘Terpstra it is apparently identical 
with the Hemophilus inftuenze sus of the American swine influenza, thus 
belonging to the group of hemophilous bacteria. Secondary infection by 
diplo- and micrococci, Bacillus pyogenes and pasturella may also occur. After 


intranasal inoculation the virus brings about a slight peribronchitis only, 


and the disease proper with bronchitis, peribronchitis, foci of atelectasis 
and broncho-pneumonia develops only when a combined infection by virus 
and Bacterium inftuenze suis occurs. In contrast to this, Paulsen did not 
experimentally succeed in transferring the disease by intranasal inoculation of 
a mixture of the virus with a pure culture of the Bacterium influenze suis, or 
by inoculation of streptococci and pasteurella after previous infection with 
the virus. He therefore concluded that a third agent, which is neither 
filtrable, visible nor capable of cultivation on artificial media, must be present 
in order to give rise to broncho-pneumonia. It would thus appear that further 
investigations are necessary to elucidate definitely the nature of the disease 
and its relation both to the American swine influenza and the enzootic broncho- 
pneumonia of young pigs. 

The premonitory symptoms which result from the pure virus disease are 
mild in character, and include depression, diminished appetite and conjunctival 
catarrh. ‘They are then followed by pronounced cough and other signs of 
subacute or chronic bronchitis and broncho-pneumonia resulting in chronic 
marasmus (enzootic pneumonia of young pigs). 

Prophylactic measures include hygienic housing and feeding (vide enzootic 
pneumonia of young pigs), disinfection, isolation of each litter, precaution in the 
purchase of young pigs and brood sows. 
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(e) Influenza of the Dog and Cat 


On the occasion of an epidemic of human influenza in Germany, Tempel 
observed similar clinical symptoms affecting dogs of all ages, with a mortality 
of'90 per cent. Schmidt, in Amsterdam, observed similar instances in which 
symptoms of pneumonia predominated. 

In Java a specific influenza-like infectious disease in dogs and cats was observed 
by van Lier and later by Mohode. There were present somnolence, high 
fever, severe laryngo-pharyngitis, muscular pains, and often symptoms of 
pneumonia. ‘The affection was frequently fatal with or without pneumonia. 
Similar cases observed by Smythe in England in the form of severe naso-pharyn- 
geal catarrh probably represent a related condition. 

Laryngo-tracheitis infection in cats, as has recently been described by Krembs 
and Seifried, is transmissible to cats of all ages and is very infectious. ‘The 
incubation period lasts 7 to 8 days, and is followed by fever, lack of appetite, 
vomiting, severe diarrhoea, thirst and hoarse cough. After an acute course of 
12 hours to 3 days it usually terminates fatally. On post-mortem examination 
there are seen catarrhal and diphtheroid laryngitis, most marked in the folds 
of mucosa of the laryngeal sac, tonsillitis and enteritis (the latter mostly limited 
to the ileum), acute swelling of the mesenteric lymph glands, and in some cases 
also swelling of the spleen. 


(f) Infectious Laryngo-Tracheal and Bronchial Catarrh of 
Birds (Laryngo-Tracheo-Bronchitis Infectiosa Avium) 


(Infectious laryngo-tracheitis of fowls ; Chicken flu ; Shipping fever) 


This is a highly infectious form of laryngo-tracheitis caused by a fil- 
trable virus, characterised by the formation of nuclear inclusions in the 
surface and glandular epithelia, and often complicated by bronchial and 
pulmonary involvement. 

Incidence. ‘The disease has been prevalent on poultry farms in the 
United States since 1923, and was probably introduced from Canada, 
where it was observed in 1921. Recently it has caused considerable 
losses among poultry such as to constitute a plague of economic import- 
ance owing to its high mortality and the loss in production of eggs. 
The disease may be introduced into poultry farms by newly purchased 
fowls. It has also spread to Greece and Australia. It usually affects 
fowls of the age of 4 to 8 months, more rarely young chickens or older 
birds. A similar disease has lately been observed in pheasant preserves, 
and, according to Kernhohan’s observations, also occurs in turkeys, 
ducks, pigeons and wild birds (quails, sparrows, blackbirds), although 
experimental transmission was successful to gallinaceous birds only. 

-Aitiology. Beach, Graham and their co-workers discovered a virus 
which, however, is filtrable only through the coarser Berkefeld filters, and 
with finer filters either passes through partially or remains behind. The 
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virus is present in the secretions and affected tissues of the respiratory 
organs, but its entrance into the blood stream and distribution through- 
out the body is comparatively infrequent, as it is found in the spleen only 
in 60 ‘per: cent. and in the liver m.30 per cent. of ‘cases. . The virus 
possesses a considerable degree of resistance and retains its virulence in 
the dried condition for 60 days. In Beach’s researches it was found to 
be inoculable in chickens, but not other birds, or in rabbits, guinea-pigs, 
rats or young pigs (by the introduction 
of tracheal mucus or filtrates into the 
trachea), but from practical experience 
it would appear that birds other than 
domestic poultry are also susceptible to 
a certain-degree. 

Natural infection takes place from the 
inhalation of finely divided particles of 
secretions coughed up from the affected 
respiratory organs, and also from the 
ingestion of food and water contaminated 
with these secretions. Later secondary 
bacteria invade the affected tissues, as 
a rule, however, without playing any im- 
portant role in the disease. ‘The disease 
is seldom propagated by manifestly af- 
fected birds, but usually by virus carriers, 
especially birds which are apparently re- 
covered; in these the infective material 
may remain active in the affected laryngo- 
tracheal mucosa for 467 days (Gibbs). 
The latent condition can often be detected 
by the presence of rales in the larynx and 
trachea (birds with such rales are not 
always virus excretors). According to 
Brandly, brood eggs play but a sub- 
ordinate part in the spread of infection. 
It is believed that infection may also be , Degeneration of superficial epithe- 
spread by pheasants. Susceptibility to Huts B; oedematous submucosa; 
infection varies in different species and at oe parulage, Vi heh seers. 
different ages, and is also affected by the 
conditions under which the birds live and by weather and seasonal 
influences. According to Lerche, the enzootics are most frequently 
observed in the early part of the year and in the autumn. 

Pathological Anatomy. ‘The larynx and trachea are partially or 
completely filled with sero-mucoid or sanious masses and sometimes small 
blood clots; the mucosa is thickened, cloudy and infiltrated, and studded 
with petechiz and sometimes with greyish-yellow cheesy deposits or 
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fibrinous plugs. Histological examination (Fig. 131) shows degeneration 
and desquamation of the superficial epithelium, small-cell infiltration 
of the mucosa and submucosa, and small hemorrhages in the tissue and 
on the surface. On higher magnification nuclear inclusions can be seen 
in the epithelium similar to those seen in herpes and varicella. The 
inflammatory changes extend to the larger bronchi, and in some cases 
still further, leading to diffuse bronchitis, peribronchitis and broncho- 
pneumonic foci with hemorrhages in the lung tissue. According to the 
mode of infection and the course of the disease, the mucosa of the 
nasal and accessory cavities and the conjunctiva are slightly injected and 
covered with mucoid or purulent secretion. 

Symptoms. After an incubation period of 3 to 12 days (less in arti- 
ficial infection) symptoms of depression, dulness, drooping or oblique 
position of the head, diminished appetite and an accumulation of frothy 
secretion in the eyes and nares. Usually on the fifth or ninth day of the 
disease, but sometimes earlier, severe dyspnoea develops, manifested by 
raising the head and opening the beak and the production of rattling 
and whistling sounds, with a peculiar plaintive tone of the voice in severe 
cases. Other symptoms are sneezing, spasmodic cough, sometimes with 
the expectoration of blood-stained masses of mucus or blood clots. Young 
chickens often emit a peculiar hoarse chirp. On opening the beak, 
fibrinous deposits can sometimes be seen in the larynx and trachea. In 
some severe cases the eyelids are closed and cheesy deposits are detected 
also in the conjunctival sac. The temperature often rises to above 
43°3° C. After increasing stupor and rapid loss of strength the birds die 
on an average 15 to 21 days after the onset of the disease, sometimes in 
2 to 4 days, and occasionally in a few hours from asphyxia. 

Course. ‘The infection spreads so rapidly that in 10 to 14 days 
25 to 75 per cent. of the flock may be affected. The mortality differs 
considerably in different enzootics and also on individual farms, the 
figures given by different observers varying from 11 to 70 per cent. In 
Germany Lerche estimated it at 20 to 30 per cent. Birds which recover 
may remain virus excretors for 14 years. A peculiar rattling respiration 
may remain as a sequela. 

Diagnosis. ‘The rapid extension of the infection and the characteristic 
symptoms, in conjunction with the post-mortem findings in birds which 
have died or been killed, furnish sufficient evidence for diagnosis and for 
the exclusion of the affections included under the term enzootic coryza 
of fowls. ‘The avitaminosis A form of the latter is characterised by kerato- 
malacia, and usually the presence of cheesy deposits in the nasal cavities, 
and pustular nodules around the beak and in the cesophagus, or on the 
mucosa of the larynx and trachea, which is otherwise unaltered. In the 
other forms of enzootic coryza the mucosa of the cavities in the head 
and infra-orbital cavity is chiefly affected, there is no severe dyspnoea 
present, and post-mortem examination shows no changes in the laryngo- 
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tracheal mucosa, or at the most adherent deposits of fibrin similar to those 
in the nasal cavities. Fowl diphtheria is distinguished usually by the 
presence of diphtheritic membranes on the mucosa of the nasal cavities, 
larynx and trachea, and necrosis of the submucosa. If necessary an 
experimental inoculation may be made by intranasal or intraconjunctival 
instillation of the suspected material in emulsion, or by friction into the 
mucosa of the pharynx. 

Treatment. Schalk and Hawn recommend inhalations of a-mixture 
of equal parts of menthol, eucalyptus oil and guaiacol in 4 litre of 
very hot water, contained in a small vessel placed below the cage in 
which the birds are treated. ‘This is continued for 10 minutes. Lerche 
obtained good results with intramuscular injections of compounds contain- 
ing camphor and quinine. Other observers regard individual treatment 
as useless. 

Prophylaxis consists in isolation and general hygienic measures, 
such as protection of the birds from cold and wet, disinfection of their 
cages, and caution in the purchase of new birds. Schalk and Hawn 
recommend the inhalations mentioned above as a prophylactic measure. 
Attempts at immunisation were made with encouraging results by Lerche 
by means of intramuscular injection of an emulsion of the tracheal mucus, 
and by Beaudette and Hudson by inunction of a similar emulsion (mixed 
with an equal part of fine sand or preferably infusorial earth) into the 
mucosa of the cloaca. This gives rise to a local inflammatory reaction, 
especially in birds 2 to 3 months old. 


3. Stenosis of the Bronchi (Bronchostenosis) 


Etiology. Stenosis of the bronchi may be caused by the aspiration of 
foreign bodies (ears of corn, pieces of bone, cartilage or wood, needles, fir-cones, 
etc.). Such bodies have been repeatedly found in cattle, horses, swine, car- 
nivora and forced-fed geese. In a case reported by Szabo a pig was suffocated 
by a mouse which entered the trachea when it was rooting. Stenosis may also 
be caused by diphtheritic membranes or by the pressure of enlarged bronchial 
or mediastinal glands, aortic aneurysm or pulmonary and mediastinal tumours. 
Ball found concrements of phosphates and carbonates (broncholiths) in the 
dilated bronchus of a cat affected with cough and dyspnoea due to stenosis, 
and in an old horse stenosis was caused by pneumoliths in a cavity of the 
lung. 

La re The stenosis or occlusion of a large bronchus causes im- 
pairment of the respiratory exchange in the corresponding part of the lung 
and consequent dyspnoea. ‘This occurs suddenly after the entrance of a 
foreign body, but gradually in the case of compression; in the former case it 
gives rise to spasmodic attacks of coughing. ‘The stenosis, which is usually 
unilateral, reduces the inspiratory expansion of the corresponding half of the 
thorax and causes marked inspiratory sinking of its yielding parts. A respiratory 
sound similar to that heard in laryngeal stenosis may be present. 
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The percussion note in incomplete obstruction remains unchanged, but in 
complete closure, according to Heller’s experimental investigations, complete 
atelectasis of the corresponding part of the lung takes place in 2 to 2$ hours, 
and consequently there is dulness to percussion and absence of respiratory sounds 
over the collapsed area. In stenosis the vesicular respiratory sound usually 
persists, and is sometimes accompanied by rales and rhonchi. In the opposite 
lung after a short time compensatory emphysema develops. After im- 
paction of foreign bodies the expired air becomes fcetid and the tempera- 
(UE Tisesoy 

In stenosis caused by compression there is sometimes cedema from pressure 
on the veins, laryngeal paralysis from pressure on the inferior laryngeal nerve, 
dysphagia and in ruminants chronic meteorism. In a case observed by Hoff- 
mann in a horse, in which a piece of pig’s rib was impacted in the left main 
bronchus, pathological symptoms were entirely absent. 

Treatment. As successful treatment is hopeless, the affected animals should 
be destroyed. 


4. Bronchial Asthma 
(Spasmodic asthma ; Nervous asthma) 


Bronchial asthma, or asthma in the restricted sense, signifies in Human 
Medicine attacks of severe dyspnoea with a sense of impending suffocation and 
constriction of the chest, resulting from temporary stenosis of the»bronchial 
tubes due to spasmodic contraction of the bronchial muscles, with simultaneous 
acute emphysema, and a peculiar bronchial catarrh characterised by rattling 
and whistling sounds, expectoration of spiral threads of mucus (Curschmann’s 
spirals) and so-called central threads; also by the occurrence of numerous 
eosinophil cells and needle-shaped Charcot-Leyden crystals in the thick mucoid 
expectoration. In the intervals between the attacks symptoms are usually 
absent, apart from persistent eosinophilia. ‘The affection is regarded as a vagus 
neurosis caused by direct irritation of the vagus nerve by tumours or enlarged 
lymphatic glands, or by reflex irritation in bronchial catarrh or in certain 
affections of the nasal and pharyngeal mucosa or the gastric mucosa. Accord- 
ing to Manoiloff, asthma may be a temporary anaphylactic phenomenon pro- 
duced by Charcot-Leyden crystals as cleavage products of an unknown hetero- 
geneous protein in the air passages. Nervous predisposition is also a factor in 
the etiology. Asthmatic attacks are relieved by subcutaneous injections of 
adrenaline or atropine, or by intravenous injection of hypertonic (18 per cent.) 
saline solution, or by the administration of urethane. 

Asthma has been frequently described in domestic animals, but the identity 
of these cases with true asthma has not been confirmed. Attacks of severe 
dyspnoea may occur in temporary stenosis of the air passages from anatomical 
changes, and also in permanent stenosis of these passages, in pulmonary emphy- 
sema (as in cases observed by the author and by Burger), in chronic uremia 
(asthma uremicum) and chronic heart diseases (asthma cardiacum). More- 
over, in the interpretation of such cases the occasional presence of Curschmann’s 
spirals and central threads is not decisive, because these have been found in the 
bronchioles of horses in muco-purulent bronchitis, sometimes also in glanders, 
and in broncho- and pneumonomycosis. However, the possible occurrence of 
true asthma in animals cannot be totally disregarded. 


In Penberthy’s six cases of supposed bronchial asthma in horses the attacks of dyspnoea 
ceased suddenly after the expectoration of bronchial secretion during severe coughing. Permanent 
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improvement, however, did not occur, and in two of the animals there were clinical signs of 
emphysema. Lopatynski observed several cases with expirational asthma in which there were 
signs of pulmonary emphysema, with rattling and whistling sounds, and cough with the expec- 
toration of scanty, viscid, grey secretion containing Charcot-Leyden crystals and Curschmann’s 
spirals, and also marked eosinophilia (32 per cent.). Grebe described as asthma dyspepticum 
a case in which attacks of dyspncea with whistling sounds occurred during each feed and continued 
for $ to 1 hour afterwards; in the intervals the symptoms disappeared entirely. Injections of 
physostigmine effected a cure. In cattle, bronchial asthma was first described by Boer in two 
young cows, manifested by inspiratory whistling and hissing sounds. Royer observed enzootic 
asthmatic attacks with severe dyspnoea affecting animals in very foggy regions. These were 
probably cases of interstitial pulmonary emphysema. 


5. Lung-Worm Infestation (Bronchitis et Broncho-Pneumonia 
Verminosa) 


(Verminous pulmonary phthisis ; Broncho-pulmonary strong ylosis ; Strong ylosis 
pulmonum) 


Lung-worm infestation is an enzootic or epizootic affection manifested 
by bronchitis and broncho-pneumonia, and caused by infestation of the 
lungs with metastrongylides. 

Incidence. Lung-worm infestation occurs in all countries, but chiefly 
in low-lying regions with extensive ill-drained pasture-land and in areas 
subject to flooding (except dike-land near the sea coast), and is therefore 
mainly a disease of permanent pastures. It is sometimes, however, ob- 
served on dry upland pastures, and very occasionally in house-fed cattle 
and swine. The animals most often affected are sheep, goats and cattle, 
less often swine and camels, and only exceptionally horses, asses, cats, 
dogs, rabbits and furred animals (farm foxes and martens). In some 
regions wild game (deer, hares, wild boars and chamois) are frequently 
affected (50 per cent.). 

As a herd infection it occurs chiefly in young animals, among which 
it often causes considerable losses, especially after wet summers. 


Statistics. In Germany, especially along the coastal districts, lung-worm infestation appears 
annually in cattle and in some regions causes a loss of t00 per cent. among calves. Considerable 
losses have also been caused by the disease in cattle in marshes near the rivers Weser and Jahde. 
In Holland the infestation is widespread among young cattle. In Hungary, in the years 1889, 
1912 and 1913, lung-worm infestation caused considerable loss in cattle. Insome parts of Russia 
it is very prevalent among swine, and this is also so in France and Italy. In some years half 
the sheep and a third of the cattle in Morocco succumb to the disease. In South Oranais the 
disease occurs epizootically and is known as “ Reuch-el-riya.”’ In Buenos Ayres between the 
years 1883-1886 three-quarters of the sheep (representing several million animals) died of 
the disease. In the United States of America lung worms are among the most injurious parasites 
occurring in swine. In Central Wales the disease is often fatal in pigs (Bisset). 


Etiology. Lung worms are long, thin, smooth thread worms belonging to 
the family Metastrongylide of the Nematode worms, except one genus (Capillaria), 
which belongs to the family Trichinellide. ‘The following worms have been 
found in the respiratory organs of the various. species of domestic animals : 


1. Dictyocaulus filaria (Strongylus filaria). ‘This is a white, filiform worm with a round smooth 
mouth opening. The male is 3 to 8 cm. long and has a short bursa, the medio- and postero- 
lateral rays of which are fused together except at their tips. ‘The spicules are short, brown, 
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somewhat curved and possess membranous ale. ‘The female is 5 to 10 cm. long and conical 
at the posterior end; the vulva is a little behind the centre of the body. The ova are oval, with 
a hyaline shell, 112 to 135 w long and 52 to 67 w wide, and contain a fully developed embryo 
when laid. ‘The embryo has a long, conical, pointed tail end and a bud-like process at the 
head end. It emerges from its shell in the bronchi of the host (Fig. 132, 1). The worm is 
parasitic in the sheep, goat, roe, gazelle, camel, dromedary, stag and fallow-deer, and, according 
to Linden, occasionally in cattle. 

2. Dictyocaulus viviparus (Strongylus micrurus). A filiform worm with a round smooth mouth, 
Male 3°5 to 4 cm. long. with small closed bursa and two small spicules. Female 6 to 8 cm, 


LARV& oF LunGc Worms. 


Fic. 132. 


1, Dictyocaulus filaria ; 2, D. viviparus ; 3, Protostrongylus rufescens ; 4, Miillerius capillaris. 


long, with a pointed tail end and vulva in posterior sixth of the body. Ova oval, 85 x 35 pu 
in size, embryonated when laid. ‘The larva is pointed at the hind end and hatches out in the 
bronchi (Fig. 132). Parasitic in cattle, roe, fallow-deer, stag, and occasionally in horse and ass. 

3. Dictyocaulus arnfieldi (Str. arnfieldi). A white filiform worm. Male 2-8 to 3-6 cm. long, with 
short caudal bursa and brownish-yellow, slightly curved spicules. Female 4:3 to 5*5 cm. 
long, with blunt somewhat curved tail end, vulva behind centre of the body, ova elliptical, 
80 to 109 p» long, 50 to 60 yw wide, containing an embryo which hatches out in the bronchial 
tubes. Hosts: Horse and ass. 

4. Metastrongylus elongatus (Str. paradoxus, Str. elongatus, Str. longevaginatus). A whitish or brown- 
ish worm with a conical head and six mouth papilla. Male 1-2 to 2°5 cm. long, with bilobate 
bursa, two long thin spicules with terminal barbed hooks. Female 2-5 to 5 cm. long, vulva 
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immediately n front of the anal aperture. Ova (Fig. 133, 1) oval or spherical, 57 to 100 p 
(according to v. Linden 116 to 120 w) long, with a transparent albuminous envelope outside 
the thin shell and containing a fully developed embryo at time of deposition. Embryo hatches 
in the bronchi or in moist soil after evacuation of the ova in the feces. Hosts: Domestic and wild 
swine, exceptionally sheep, roe and stag. 

5. Metastrongylus salmi. Male 1-7 to 1-8 cm., female 3 to 4°5 cm. long, ova 54 x 37. Host: 
Domestic pig. 

-6. Cherostrongylus pudendotectus (Metastr. brevivaginatus). Male 1-6 to 1:8 cm., female 1-g to 3-7 
cm. long, with cuticular swelling covering vulva and anus. Spicules in male ending in two 
barbed hooks. Ova 54 to 62x 41 to 45 w when deposited, but soon afterwards 75 to 95 x 70 to 75 p. 
Swelling of shell as in M. elongatus (Fig. 133, 1). Occurs in pigs often in association with 
M. salmi. 

7. Protostrongylus rufescens (Synthetocaulus s. Str. rufescens). ‘Thin filiform, brownish-red worm 
with 3 lips surrounding mouth. Male 1-8 to 3 cm. long, bursa indented in front, laterally 
slightly curved inwards, two long spicules with transverse striations and rounded ends. Female 
2°5 to 3°5 cm. long, with blunt tail end and vulva immediately in front of anus at the base of 
a small elevation. Ova oval, 75 to 120 x 45 to 82 uw, segmented at time of deposition, develop 
rapidly and hatch in the pulmonary alveoli. The embryo has an undulating process at its 
posterior end (Fig. 133, 3). Parasitic in sheep, goat, rabbit, hare, roe and chamois. 

8. Protostrongylus commutatus (Synthetocaulus s. Str. commutatus). A brownish, filiform worm 
with smooth mouth. Male 1°8 to 3 cm. long, with a small rounded bursa, spicules broad and 
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Fic. 133.—Ova or Lunc Worms. 
1, Metastrongylus elongatus ; 2, Capillaria aérophila. 


thick and marbled in the anterior part. Female 2°8 to 5 cm., with blunt tail end, vulva imme- 
_ diately in front of anus. Ova up to 136 u long, and already segmented at time of deposition, or 

containing embryo; embryo hatches in.pulmonary alveoli and has a curved tail process. Hosts : 
Hare, rabbit, sheep, goat, roe and chamois. 

g. Protostrongylus unciphorus. Male has pectinate spicules with rounded ends. Parasitic in 
sheep and goat. 

10. Miillerius capillaris (Synth. s. Str. capillaris, Pseudalius ovis pulmonalis, Nematoideum ovis 
pulmonale). A very fine thread-like worm of brownish colour and transparent (lung hair worm) 
with six mouth papille and a pointed tail end. Male 1-4 cm. long, with a spirally coiled tail 
end and no bursa; spicules club-shaped with transverse cuticular bristles in the anterior 
part, and forked and serrated in thé posterior part. Female 1-9 to 2-3 cm. long, with vulva 
just in front of anus. Ova about the same as those of D. filaria, but more elongated, cylindrical, 
brownish, and non-segmented at time of deposition. Embryo (Fig. 132, 4) has an undulating 
process with a dorsal spine at tail end and hatches in the pulmonary alveoli and bronchi. The 
sexually mature worm penetrates the lung tissue, where it becomes encapsuled and dies. Hosts : 
Sheep, goat, roe and chamois. Seldom affects lambs under 6 months old, but is probably the 
most prevalent lung worm in Europe and other temperate zones, but is not of great pathological 
importance. 

11. Ailurostrongylus abstrusus (Synth. s. Str. abstrusus). A filiform worm with smooth mouth. 
Male o-4 to 0:75 cm. long, with short bursa and slightly curved thin spicules. Female about 
1 cm, long with blunt tail end and vulva in front ef anus. Ova oval, 60 to 85 p long, 55 to 80 p 
wide, segmenting after deposition. Embryo with an undulating tail process. Host: Cat. 
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12. Angiostrongylus vasorum (Str. s. Haemostrong ylus vasorum). A filiform whitish or reddish 
. worm with smooth mouth. Male 1-4 to 1:8 cm., female 1-8 to 2:1 cm. long, ova 70 to 80 pw 
long, oval, unsegmented. ‘They are deposited by the sexually mature worms in the right side of 
the heart and in the branches of the pulmonary artery. Embryos hatch in capillaries of lung. 
Host : Dog. 

13. Oslerus osleri (Str. bronchialis canis). A filiform worm 0:5 to 1:5 cm. long, with three lips and 
three mouth papillae, two unequal spicules in the male, and vulva in front of anus in female. 
Found in nodules in the trachea and bronchi in dogs. 

14. Osleroides massino occurs in cats in Armenia, where it affects 30 per cent. of the animals. 

15. Crenosoma vulpis (Crenosoma decoratum, Str. decoratus). Male 0-8 cm., female 1-5 cm. long ; 
numerous cuticular ridges at anterior end, long spicules with a supplementary process. 
Embryos hatch in the uterus of the female worm. Hosts: Fox, dog. 

16. Capillaria aérophila (Eucoleus aérophilus, Trichosoma aérophilum).. Belongs to the sub-family 
Trichurine of the family Trichinellide. A yellowish, transversely striated worm, 2-4 to 3-2 cm. 
long, the tail end in the male terminating in two processes supporting a bursa-like membrane ; 
the sheath of spicule is armed with spines. Ova 62 to 72 p long, 35 w wide, lemon yellow to 
yellowish-brown in colour, and elliptical. Hosts: Wild and farm foxes, martens, dog, cat, badger. 

Distribution of the Different Worms in Different Hosts. Although some forms of 
worms infest certain mammals chiefly or exclusively, several forms may occur in the same animal. 
Thus the sheep is infested chiefly by Dictyocaulus flaria and Miillerius capillaris, more rarely by Proto- 
strongylus rufescens, P. commutatus, and occasionally by Metastrongylus elongatus; the goat by D. filaria 
and P. commutatus, P. rufescens and M. capillaris; swine by Metastr. elongatus, more rarely by M. 
salmi, Cherostrong ylus pudendotectus; cattle by D. viviparus, occasionally by D. filaria; the horse and ass 
by D. arnfieldi, occasionally by D. viviparus; the dog by Angiostrongylus vasorum, Oslerus osleri, Creno- 
soma vulpis and Capillaria aérophila; the cat by Atlurostrongylus abstrusus, Osleroides massino; the 
rabbit by Protostrongylus commutatus and P. rufescens; the fox by Capillaria aérophila and Crenosoma 
vulpis (often both together) ; the badger by Perostrongylus falciformis. 


Development of Lung Worms. The majority of lung worms infesting 
domestic animals are ovoviparous in the sense that they deposit ova containing 
embryos in the organs of the host. Other forms, including Protostrongylus, 
Miillerius, Alurostrongylus, Angiostrongylus, Oslerus and Capillaria, are oviparous 
and deposit unsegmented ova, or those in process of segmentation, which, 
however, in the presence of the oxygenated air of the lungs soon develop into 
embryos and emerge from their shells in the air passages. Ova of Metastrong ylus 
may leave the air passages containing an embryo, while the ova of Capillaria 
are still unsegmented when evacuated. On the other hand, the worm Crenosoma 
vulpis is viviparous. ‘The expulsion of the larve from the body of the host takes 
place chiefly through the gastro-intestinal canal, because those which reach 
the pharynx in the mucus expelled during coughing, or by the ciliary movements 
of the bronchial epithelium, usually become swallowed and reach the stomach 
and intestine uninjured. ‘This mode of passage appears to be advantageous 
for the further development of some forms, and even necessary for others. 
Only a small number of expectorated larve escape from the host in the bronchial 
or nasal secretions. 

The further development of the larve of Dictyocaulus outside the host is direct. 
The escaped larve pass through their first moult 1 to 2 days after their expulsion 
(possibly sometimes within the intestine). ‘The first skin is not separated till a 
second moult takes place $ to 2 days later, when the outer skin is cast off and the 
larve are enclosed in the second skin which still remains. According to the 
external conditions such ensheathed larve are infective in 6 to 15 days after 
leaving the host and are also very resistant. After ingestion by a suitable host 
the larve cast their sheath, and after two further moults attain sexual maturity. 
In the developmental cycle of Dictyocaulus there are five stages separated by four 
moults. After ingestion by the host the infective larvae reach sexual maturity 
in about 6 weeks. 


The interpolation of a free-living sexual generation in the developmental cycle, with tem- 
porary transformation of the larve into irffective ensheathed filariform larve, assumed by 
Linden and Zenneck on the grounds of cultural experiments, has not been confirmed by other 
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observers (Schmidt, Hobmaier), and the forms observed in cultures are explained by the introduc- 
tion of free-living non-parasitic Nematodes. 


In the developmental cycle of Metastrongylus, Cherostrongylus, Protostrongylus and 
Miillerius an intermediate host is necessary. In Metastrongylus and Cherostrongy- 
lus the larve are ingested by earth worms (Lumbricus terrestris major and minor), 
the tissues of which they penetrate, especially the muscular layer, and settle 
mostly in the vascular system. In 10 to 12 days they moult, and are then 
capable of invasion and can live in the soil for months. ‘The larve of Proto- 
strongylus and Miillerius migrate without previous moulting into the foot of 
certain forms of snails and slugs—Agriolimax, Arion, Fruticicola, Monacha, Cephea 
(Helix), Cingulifera, Arianta, Limax, Succinia, etc.—and remain in the muscular 
tissue. After one (Protostrongylus) or two (Miillerius) moultings they become 
capable of invasion after an average of about 12 days and may retain this 
capability for months. 

In the development of A:lurostrongylus abstrusus, which also takes place through 
an intermediate host, the ova deposited in the vessels of the lung ar? detained 
in the pulmonary capillaries, where the larve develop and penetrate the alveoli, 


- to make their way to the bronchioles, bronchi and trachea, and eventually to 


the intestine, from which they are discharged in the feces. Contrary to 
Cameron’s assertion that the larve contained in the feces are ingested by mice 
and develop into an infective form in the subcutaneous tissue in 3 weeks, 
Hobmaier has demonstrated that mice may only be considered as auxiliary 
hosts and that the larve, after becoming free, undergo moulting in the body of 
certain snails and slugs (Helminthoglypta californiensis, H. nickliniana, H. arrosa, 
Helix aspersa, Agriolimax agrestis, A. columbianus) as the chief intermediate hosts, 
and become infective for the cat; cold-blooded animals (frog, toad, lizard, 
snake), birds, small mammals (rat, etc.) may also act as auxiliary inter- 
mediate hosts. In the same way an unknown intermediate host may take 
part in the development of Angvostrongylus vasorum, Oslerus oslert and all allied 
forms of worms. 

The developmental cycle of Crenosoma closely follows that of other lung worms 
which require land snails as their intermediate hosts; while, according to 
Hall and Sprehn, in Capillaria development takes place within the ova 
deposited in the soil; these become infective in 14 days, after which the 
larve moult in the intestine of the host and reach the lungs by the bleod 
stream. 

According to Gerlach the period of development to sexual maturity is at least 
8 weeks, but Schlegel observed symptoms of lung-worm infestation 12 to 59 
days after- the ingestion of the larve of Miillerius capillaris, and ‘Tapken 
observed complete development in 6 to 7 weeks with Dict. viviparus. In the 
author’s observations, embryo-containing ova of Metastronglus apri were 
found in the bronchi of a 59-day-old pig, and according to Schwartz the 
ova of lung worms can be found in the feces in swine as early as 24 days 
after invasion. 

The site of development differs in individual forms. In Dict. filaria the 
habitat is chiefly in the medium-sized or smaller bronchi, in Protostrongylus 
rufescens in the smaller bronchioles, in Protostrong ylus commutatus in the smaller 
bronchi, sometimes with penetration of the lung tissue after deposition of 
the ova, as in Miillertus capillaris, which also enters the alveoli and pul- 
monary parenchyma. Dzuctyocaulus viviparus usually inhabits the middle- 
sized bronchi. Capillaria aérophila inhabits the trachea and larger bronchi, 
while the sexually mature Angiostrongylus vasorum and A:tlurostrongylus abstrusus 
live in the right side of the heart and the pulmonary arteries. 
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Resistance. Larve directly after their escape from the host appear to be very susceptible 
to putrefaction and desiccation. In pure water they live for weeks and undergo moulting. 
Ensheathed larve are very resistant and remain alive in water for months and also revive after 
prolonged desiccation. The ensheathed larve of Dict. filaria survive a temperature of — 25° C. 
for 12 months and those of Protostrongylus for 14 months. The sexually mature forms as a rule 
are very resistant to antiparasitic substances when in direct contact with them. ‘The larve are 
killed immediately by Lugol’s solution, 4 per cent. perchloride of mercury solution, anise oil 
and tincture of iodine, by iodine vapour in 1 minute, by 15 per cent. solution of common salt 


in 10 minutes, by 10 per cent. solution of potassium iodide in 15 minutes, by chloroform in 
9 minutes, 


Natural Infection usually takes place in herbivores from the ingestion of 
the worm larve adhering to grass stems or living in water (Dictyocaulus) ; 
also from the ingestion of snails and earth worms harbouring the larva, or of 
larve which have become free after the death of their intermediate hosts 
(Metastrongylus, Protostrongylus and Miillerius). The infective larve of 
Dictyocaulus, and probably also those of the other genera to which the 
lung worms belong, can survive for prolonged periods (over a year) when 
maintained under ideal conditions in the laboratory. They are not, 
however, very resistant when exposed to the influences which, in temper- 
ate regions, obtain under natural conditions in the field, especially if the 
pastures: are upland, or well drained and thus relatively dry. It is 
generally considered that under average climatic and other environmental 
conditions the great majority of infective larve die after a period of a few 
months and that survival over the winter is unlikely. Nevertheless 
pastures may be constantly re-infected throughout the entire year by the 
feeces and bronchial mucus of grazing adult animals which, while they do 
not manifest any sign of lung-worm infestation, are “worm carriers” 
or “‘ worm excretors.”’> When such pastures are grazed throughout 
the spring and early summer by young stock (calves or lambs) which 
are relatively highly susceptible, outbreaks of lung-worm infestation 
commonly result. 

In consideration of the bionomics of lung-worm larve, wet and ill- 
drained pastures and those subject to flooding by rain are the most 
dangerous; the danger is increased during particularly wet seasons when 
the disease may become enzootic over large areas. Nevertheless the 
disease also commonly occurs on dry upland pastures if these be infected 
and the usual rains and deposits of dew are sufficient to promote the 
development and maintain the viability of the larve. ‘The disease may 
also occur in dry years, not from the direct inhalation of the worm larve 
with dried mud, as has been suggested by some observers, but more 
probably by the scattering of the larve on pasture and food plants by 
wind. Forest pastures which are grazed only occasionally may also be 
dangerous, as they may be infected by wild game. In all circumstances 
pasturing on ground wet with rain or morning dew is especially dangerous, 
as the larve follow the moisture and collect in the drops of water on the 
tips of the blades of grass. ; 

House infection is also possible, chiefly by worms in which the develop- 
ment is direct (Dzctyocaulus), when the houses are not properly constructed 
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and the floor and drinking places are continually wet. In the case of 
worms with indirect development (Metastrongylus, Protostrongylus and 
Miillerius) the intermediate hosts (earth worms, snails) may sometimes 
become ingested with green fodder, roots and fallen fruit. Further- 
more, the infection may be conveyed in runs. This accounts for the 
infection of young pigs and cattle which have been kept in pens. 
Sucklings may occasionally infect themselves from the udders of their 
mothers which have become contaminated through soiled straw, or 
by the ingestion of larve-infected food particles on the floor. In 
exceptional cases it is probable that infection may be conveyed by 
hay grown in infected meadows. 

The site of invasion for Crenosoma larve in foxes is limited to the pens, 
as it is only there that the necessary intermediate hosts are present; 
while in the case of the directly developing Capillaria, infection may 
also occur in the fox runs. For the mode of invasion in the dog, see 
Pp. 520. Ailurostrongylus infection in the cat may be conveyed by mice 
and also by snails, lizards and certain birds (but see p. 519). 

The possibility o intra-uterine infection is proved by the observations of 
Neveu-Lemaire, who found sexually mature specimens of Dictyocaulus 

filaria in the foetus of a ewe suffering from lung-worm infestation and also 
- in a 4-day-old lamb. 

Invasion by the ingestion of the infective larve in herbivorous animals 
usually occurs in the late summer and autumn, but in rainy seasons 
may take place during pasturing throughout the entire year. 

Susceptibility is greater in young animals when they are a few wecks 
or a few months old, and also when they are ill-nourished or debilitated. 
Kasparek’s observation in which calves 14 to 8 days old died of the disease 
remains unique (possibly cases of intra-uterine infection). The suscepti- 
bility generally diminishes with increasing age, and also the disease 
becomes less malignant, but in sheep and goats there is not always a 
distinction as to age, especially in Miillerius infection in which adult sheep 
are much more commonly affected than lambs. 

Pathogenesis. The larve ingested with the food or water enter the 
lymph stream from the intestine, probably first proceed to the mesenteric 
lymph glands where, after moulting, they reach the pulmonary capillaries, 
from which they enter the alveoli and eventually the bronchi. This view 
of the migration of the larve is supported by the observations of Neveu- 
Lemaire already mentioned, proving the occurrence of intra-uterine 
infection, and also by the demonstration of small larve in the heart blood, 
liver and enlarged lymphatic glands shortly after worm invasion. Again, 
A. and M. Hobmaier showed that larve of Dict. filaria ingested with the 
food penetrated the lymph spaces of the small and large intestines, and in 
3 days were present in the mesenteric lymphatic glands, where they 
moulted on the fourth day, and entered the venous blood from the 
lymphatics on the fifth day, after which they reached the pulmonary 
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capillaries and gave rise to small hemorrhages in the bronchi. A similar 
process of migration was described by Schuckmann and Zunker after 
invasion by Metastrongylus. 

The larve invading the pulmonary alveoli and bronchi give rise to 
inflammation (bronchitis verminosa), partly by their mechanical action 
and partly by their metabolic products. Owing to the usually moderate 
degree of the primary invasion the inflammatory foci in the lungs are 
generally small and disseminated, or the inflammation is limited to the 
affected bronchus. During their further development the larve (with the 
exception of Miitlertus capillaris and Protostrongylus commutatus) endeavour 
to reach the larger bronchi, where they attain sexual maturity and also 
give rise to inflammation. ‘This reaches a much higher degree when 
the numerous embryos arising from the newly deposited ova become 
aspirated into other bronchi or migrate into them independently, when 
they bore through the walls of the bronchi or the alveolar septa and 
penetrate the lung tissue. In this way there are formed multiple dis- 
seminated inflammatory foci. ‘These foci may become confluent, either 
from the addition of fresh foci in repeated invasions or from a single in- 
vasion by a large number of parasites, and eventually involve the whole 
of one or more lobes in catarrhal inflammation. In the extension of this 
worm pneumonia bacteria also play a secondary part. According to Olt, 
fatal croupous pneumonia in roes 1s due to secondary infection by Pasteur- 
ella associated with otherwise harmless worm infestation, and purulent 
broncho-pneumonia by secondary infection with Bac. pyogenes. Jeffreys 
observed secondary infection by hemolytic streptococci in foxes, and 
Schlegel a secondary bacterial broncho-pneumonia in goats. After pene- 
tration of the bronchial and alveolar walls by the embryos, atmospheric 
air can enter the parenchyma of the lung, the resulting interstitial emphy- 
sema being further accentuated by the severe coughing set up by the 
presence of worm parasites in the bronchioles. The sexually mature 
worms (Miillerius capillaris and Protostrongylus commutatus) which have 
penetrated the lung and the embryos of Angiostrongylus vasorum and 
Alurostrongylus abstrusus conveyed by the blood give rise to miliary or larger 
foci of inflammation. 3 

In the bronchi the inflammation usually extends to the peribronchial 
and even to the surrounding connective tissue, causing loss of elasticity 
of the bronchial wall and consequent dilatation of the larger bronchi. 
Occlusion of individual bronchi may be caused by clumps of worms or 
masses of secretion which give rise to atelectasis of the corresponding 
portions of the lung, and this may form the basis of broncho-pneumonic 
foci. According to v. Linden, sudden death may be caused by throm- 
bosis of the pulmonary arterioles due to larve circulating in the blood. 

The extensive bronchial catarrh and broncho-pneumonia, combined 
with the results of secondary bacterial infection, cause nutritional dis- 
turbances which are aggravated by the further ingestion of numerous larve. 
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Pathological Anatomy. ‘This varies considerably according to the 
number and species of the invading worm and whether the invasion is 
single or repeated; it also differs according to the duration of the disease. 
The affected lung is often emphysematous and pale, and contains wedge- 
shaped airless foci the size of a pea to a walnut, especially in its anterior 
portion. These are either depressed and flesh-coloured areas of atelectasis 
or inflammatory foci (worm nodules). The latter are raised, of soft or 
hard consistence, and vary in colour from red to greyish-red or greyish- 
yellow, according to their age. On section there escapes a thickish red 
fluid containing epithelial cells, white blood corpuscles, with worm ova 
and larve, and occasionally fragments of adult worms. In infestation 
by Miillertus capillaris croupous purulent broncho-pneumonia with fibrin- 
ous pleuritis may occur. 

In some cases, especially in goats, sheep and hares, extensive areas of 
inflammation are found, when the lung resembles the spleen in colour 
and consistence, and on section presents dark red petechie and grey or 
yellow foci, closely aggregated or actually confluent and containing 
numerous worm ova and embryos in the exudate expressed from them. 
In calves the exudate in acute cases is often fibrinous. 

In other instances miliary, disseminated, vesicle-like nodules of firm 
consistency are found in the apex and borders of the lung and under the 
parietal pleura, each of which contains an adult Muillerius capillarts or 
Protostrongylus commutatus, and varies in colour from yellow and reddish- 
brown to purplish-blue or blackish. M’Fadyean found in similar nodules 
in sheep the alveolar walls thickened, broncho-pneumonic exudation, 
and trabecular or villous formations towards the lumen. After death of 
the worms, caseation and eventually calcification occurs. 

The bronchi contain mucoid or muco-purulent masses, sometimes 
mixed with blood, harbouring adult worms and numerous ova and 
embryos. Thick clumps of worms are often found in the trachea, 


especially at its point of bifurcation, and these may cause occlusion of 


the larger or medium-sized bronchi. Sometimes, however, the worms may 
be absent or occur in the bronchi only in small numbers. ‘The mucosa is 
red and swollen and sometimes studded with small hemorrhages or warty 
proliferations. Bronchiectasis is present as a rule. In cases of severe 
invasion there is peribronchitis, which may extend into the tissue of the 
lung. The pleura is often cloudy and thickened, occasionally covered 
with fibrinous deposits or adherent to the costal pleura. According to 
Kitt, Protostrong ylus commutatus sometimes causes abscess in the pleura. 

In the dog, Oslerus osleri gives rise to warty nodules on the reddened mucous membrane of 
the trachea and larger bronchi which contain clumps of worms partly projecting from under 
the uneven surface. In the lungs multiple grey, subpleural nodules resembling grains of sand 
and each containing a worm are also found (in Osler’s cases also broncho-pneumonic foci). 

At the root of the lung, and sometimes in other parts, transparent miliary or more rarely 
lobular broncho-pneumonic foci are sometimes caused by embolic impaction of the ova of 


Angiostrongylus vasorum. ‘The vessels in the immediate neighbourhood of these foci are affected 
with endarteritis obliterans and perivascular sclerosis, associated with cardiac hypertrophy, 
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pulmonary emphysema and bronchial catarrh, and in young animals broncho-pneumonia. In 
the cat the larve of #lurostrongylus abstrusus give rise to embolic miliary nodules resembling 
tubercles, with hepatisation and in severe invasion thrombosis and infarction of the lung 
(Cameron). 

Habronema nodules in the lung of horses may occur as a summer affection, often in connection 
with the so-called ‘“‘ summer sores’ in the form of nodules the size of a hazel nut or walnut 
in the superficial layers. The larve of Habronema megastomum give rise to fibrinous and later 
caseous or calcified masses which cause occlusion of the bronchi. 

In severe cases the post-mortem changes also include those due to 
anemia, cachexia with oedema, and occasionally also gastro-intestinal - 
catarrh. 

Symptoms. In herbivorous animals outbreaks of lung-worm in- 
festation are most prevalent in the summer and autumn. In wild animals 
and field hares they usually appear in the late winter and early part of 
the year when the resistance of the animals is reduced by unfavourable 
nutritional conditions. 

The incubation period between infestation by the worms and the 
appearance of symptoms averages 4. to 8 weeks. In the case of moderate 
invasion and in robust adult animals it may be several months; on the 
other hand, it has been recorded that in severe invasion the incubation 
period may extend over only a few days. In Schlegel’s observations on 
goats the incubation period varied between 12 and 59 days, in Schétter’s 
cases in calves from 4 to 5 weeks, and in Kasparek’s cases, also in calves, 
only 14 to 8 days. 

In sheep and goats the first symptom is cough, which appears at gradually 
diminishing intervals and is sometimes paroxysmal. After a time the 
cough becomes weaker and more frequent, but more distressing, and is 
often accompanied by the expectoration of masses of mucus, sometimes 
containing adult worms, and on microscopical examination their ova and 
larve can be demonstrated. ‘There is usually also a sero-mucoid nasal 
discharge, in which worm ova and larve are generally absent. This 
causes severe itching of the skin around the nares and excoriations due 
to rubbing. The respiration is laboured and eventually spasmodic, and 
may be accompanied by rattling sounds. ‘The percussion note is often 
unchanged, but careful examination may detect circumscribed foci of dul- 
ness or tympanitic resonance. Bronchial breathing may also be present. 
The temperature in extensive involvement of the lungs may be 40:5° to 
Ai O° °C, 

In the further course of the disease emaciation, anemia of the mucous 
membranes, and frequently diarrhoea are observed. Further symptoms 
may include cedema of the submaxillary region, eyelids, lips or the whole 
of the anterior part of the head, and also of the lower part of the 
chest and the extremities. At this time the animals become very weak, 
especially in the hind quarters, often fall down, and eventually die of 
exhaustion. In Schlegel’s cases in goats suppurating metastases were 
found in the joints and also internal ophthalmitis with perforation of the 


cornea. 
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In cattle (mostly calves and yearlings) the symptoms commence with 
cough, which becomes gradually more frequent and distressing, and is 
accompanied by protrusion of the tongue and the expectoration of masses 
of mucus, sometimes mixed with worms. In severe cases the cough is 
paroxysmal and associated with attacks of asphyxia which may terminate 
fatally. The respiration is accelerated and later becomes laboured, 
especially in hot weather. ‘The signs on percussion and auscultation are 
the same as in sheep. ‘The temperature is seldom febrile. 

After severe infestation the animals may die in 3 to 8 days. Asa rule, 
however, the disease develops much more slowly, and in course of time 
terminates in death preceded by emaciation, anemia, and severe diarrhoea. 

In the horse and ass, in which lung-worm infestation is exceptional, the 
symptoms are similar to those in the calf. Schlegel observed a case in 
a horse suffering from anemia and cachexia, in which on post-mortem 
examination worm nodules of greyish-red to grey colour and the size of 
a hazel nut containing Dictyocaulus viviparus were found to be present in 
the subpleural tissue and caused glanders to be suspected. In the ass 
fatal cases have been reported repeatedly. 

In the dromedary and camel the disease is manifested by gradually in- 
creasing dyspnoea, a serous and later mucoid nasal discharge containing 
numerous larve of Dictyocaulus filaria. ‘The disease runs a course of from 
2 to 4 weeks, and may terminate fatally or in recovery (Piot-Bey). 

In Germany, Stroh found nearly 100 per cent. of the chamois infested 
by lung worms ; the parasites, however, induced injurious effects only 
when they were present in large numbers or when the subjects of attack 
were very young animals. 

In swine the worms commonly give rise to no symptoms, but in 
severe invasion these are the same as in sheep. In some cases the 
symptoms are limited to those of malnutrition (see also Ascaridosis of 
the Lung). 

In the dog, in infestation by Angiostrong ylus vasorum, symptoms are often 
absent at first, but not infrequently attacks of vertigo are observed and 
sometimes nasal or pulmonary hemorrhage (which may be fatal); also 
- dyspnoea, lassitude and cedema of the extremities after exertion (especially 
in sporting dogs). In more advanced cases the dyspnoea is increased and 
there are signs of bronchial catarrh, pulmonary emphysema, heart weak- 
ness with dilatation, and also hydrops. _ During the course of the disease, 
which is usually protracted and may continue for years, periods of 
improvement alternate with exacerbations, or sudden death may take 
place, especially in sporting dogs. ‘The pharyngeal mucus, when removed 
by a blunt spoon, and also the feeces are usually found to contain actively 
motile larve, except during the period from November to January and 
also at certain periods when no ova are deposited. In doubtful cases, 
therefore, it is advisable to make repeated examinations of the feces at 
intervals, continued if necessary for 1 or 2 weeks. 
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Oslerus oslert, when present in the trachea and bronchi, gives rise to a 
dry, hoarse cough, especially during exercise or on breathing cold air, 
and at a later stage of the disease to dyspnoea caused by stenosis due to 
the formation of warty growths on the mucosa. The increase of these 
growths may also cause sudden death from asphyxia. In the absence of 
fresh invasion the worm nodules disappear spontaneously in about 6 
months (Pillers). The presence of Oslerus larve in the feces or in the 
material removed from the trachea by the aid of a bronchoscope (Pillers) 
is important in diagnosis. 

In cases of severe infestatior, by Capillaria aérophila symptoms of bronchial 
catarrh have been observed, with cough and dyspnoea caused by obstruc- 
tion by masses of mucus containing the worms. Involvement of the nasal 
cavities is manifested by a mucoid or purulent nasal discharge, in which 
are found the characteristic lemon-shaped ova (Fig. 133, 2). 

In the cat, in infestation by #lurostrongylus abstrusus, cough is usually 
present and often accompanied by vomiting; also emaciation and eventually 
cachexia, diarrhoea and sometimes broncho-pneumonia, with a fatal issue 
in 2 to 3 months. Larve are found in large numbers in the pharyngeal 
and laryngeal mucus. Ininfestation by Capillaria aérophila Schlegel observed 
emaciation with laryngeal and bronchial catarrh and the presence of the 
femon-shaped ova. 

In the rabbit lung-worm inf: station is rare, but in hares it occurs enzootic- 
ally, and is manifested by a dry cough, accelerated and laboured respira- 
tion, and emaciation. It is often fatal. 

In foxes on fur farms lung worms are commonly present, but become 
pathogenic only on the occasion of secondary bacterial infection ( Jeffreys, 
Sprehn). Invasion usually takes place during the warm periods of the 
year, in the spring and summer, and is manifested at first by cough which 
occurs chiefly in the evening after feeding or during the night when the 
animals are resting. ‘The cough is accompanied by distressed and pant- 
ing respiration, especially after severe exertion or excitement. In whelps 
the disease may somewhat resemble distemper, particularly when in- 
volving the nasal cavities after invasion by Capillaria. Plugs or threads 
of mucus containing the. ova and larve of the worms are found on the: 
pharynx. This acute form is rare. More commonly the infestation runs 
a chronic course in which the appetite is maintained for a long time, but 
symptoms of bronchial catarrh with laboured respiration develop, followed 
by emaciation, anemia, deterioration of the fur, loss of strength, and 
death in a few weeks or months. ‘The symptoms may subside at the com- 
mencement of winter and reappear in the following summer. ‘The 
diagnosis depends on the presence of free larve of Crenosoma vulpis and 
the characteristic ova of Capillaria in the pharyngeal or nasal mucus 
and in the feces. In comparison with the ova of Trichuris worms, 
which are often present in the intestine, the ova of Capillaria are 
smaller and have a greenish tinge; also, after the expulsion of the 
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Trichurides by tetrachloride of carbon the Capillaria ova are still present 
in the intestinal contents (Klarenbeek). 

Course. ‘This varies according to the degree of infestation and the 
species of animal affected, and is also modified by secondary bacterial 
infection. In swine, chamois, and sometimes in other animals, the worms 
may be present in great numbers without causing symptoms (worm car- 
riers). Massive invasion affects sheep and goats most severely (mortality 
10 to 70 per cent.), and cattle and swine to a much less degree. The 
duration of the disease in the majority of severe and unfavourable cases 
extends to 2 to 4 months, but presents marked variations; in robust 
adult animals it may continue longer than 4 months, and exceptionally 
for more than a year, while in young animals, especially calves, it may be 
fatal in a few days or weeks from obstruction of the principal bronchi by 
masses of worms, as well as from rapidly extending broncho-pneumonia. 
In its milder form the disease terminates in recovery. In cases of medium 
severity in swine and calves, recovery may also take place after regulation 
of the diet; but this more rarely occurs in sheep and goats, especially in 
young, debilitated or pregnant animals. Recovery is indicated by the 
gradual decrease in the cough and other symptoms, although it is not 
always complete and may be replaced by a chronic condition which may 
eventually terminate fatally or necessitate slaughter. 

Diagnosis. The clinical symptoms, either individually or combined, 
are sufficient for only a tentative diagnosis. A definite diagnosis is obtained 
only by microscopic examination of the feces, in the absence of post- 
mortem information derived from animals which have died or been killed. 
Examination of the feces is of value equal to that of the pharyngeal 
mucus, because the latter is for the most part swallowed together with the 
ova and larve contained in it. For the purpose of examination fresh 
smears may be used, but preferably those prepared by the concentration 
methods employed for intestinal parasites (see p. 253), care being taken to 
avoid confusion with the ova and larve of these. Preparations not 
for immediate examination can be preserved by the addition of formalin 
(p. 253). Since, with the exception of Capillaria, the embryos of lung 
worms have for the most part already escaped from the ova into the air 
passages, worm larve alone are found in the preparations of feces, either 
exclusively or together with a few embryo-containing ova. By means 
of Vajda’s method (p. 254) the lung-worm larve can be detected in the 
feeces by means of a pocket lens. 

With the aid of a suitable gag specimens of mucus can be obtained 
from the pharynx, but the results are less reliable than those obtained by 
examination of the feces. Adult worms are rarely found in the expec- 
toration. , | . 


Inswine, Sparapani recommends a biological diagnostic test by means of an emulsion prepared 
from the nasal excretion of affected animals with physiological saline solution and passed through 
a Berkefeld filter. ‘This is injected intracutaneously in the base of the ear and produces a re- 
action similar to that of tuberculin in tuberculous animals. 
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Simple broncho-pneumonia and enzootic pneumonia in young animals 
are distinguished from lung-worm infestation by their febrile course and 
the absence of abundant masses of secretion containing worms or their 
larve. From pleuro-pneumonia, lung-worm infestation is distinguished 
by its usually afebrile course, the absence of extensive areas of dulness and 
pleuritis, and the persistence of the severe and spasmodic cough. Tubercu- 
losis of the lung is uncommon in young animals and the cough is less 
pronounced. In invasion by the larve of Cephalomyia (sheep nostril fly) 
pulmonary symptoms are absent. 

Treatment. Practically all authorities now agree that in the treat- 
ment of lung-worm infestation in ruminants, horses and swine there is 
at present no known medicinal agent, administered by whatever route, 
which can effect really appreciable beneficial response. It is now generally 
recognised that the only effective treatment consists in removing the 
affected animals from the source of further infestation; in placing them in 
sheltered, hygienic conditions—may be on young fresh pastures; and 
in feeding them generously with nutritious food—e.g., sound hay and 
concentrates. 

It is true that lung-worm infestation is frequently associated with in- 
festation of stomach and intestinal worms, and that the administration of 
anthelmintics by mouth—e.g., phenothiazine or copper sulphate—by 
destroying these parasites may raise the general plane of health and so 
increase the natural powers of resistance to lung-worm infestation; it is 
therefore desirable that such treatment be practised. 

Nevertheless, since a number of veterinary practitioners believe that 

the administration by the respiratory route of chemical agents is of value 
in the treatment of lung-worm infestation, the following information is 
given. 
So-called “ stimulating’? and anthelmintic inhalations produced by 
the burning of sulphur, tar, creolin or horn in an enclosed space have long 
been practised. ‘They may have a beneficial action, in that they act as 
irritants and produce paroxysmal coughing which may aid in the ex- 
pulsion of some of the parasites, but their action appears to be limited to 
this. It is also to be realised that although for these reasons such pro- 
cedures may be of some benefit, they always harass and distress the 
patient. It is also to be realised that drugs given by inhalation or intra- 
tracheal injection are unlikely to come into actual contact with the 
parasites because of the blockage of the affected bronchi and the fact that 
the worms are enveloped in masses of thick mucus. This is particularly 
true in the case of sheep; in cattle, large numbers of worms may be 
present in the large bronchi-and so are more accessible to the chemical 
agent. 

Oily mixtures which may be used include: OI. terebinthine, ol. 
olive 44 100; cresol., 10 parts (for sheep 5 grammes, for calves 15 to 20 
grammes, on three consecutive days); ol. caryophylli, ol. terebinth. 44 
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100; acid carbolic., ol. cadinum aa 2 parts (for calves 10 grammes); ol. 
terebinth., ol. olive, Lugol’s solution 44 0-5 to o-8 (for sheep in one 
injection); creosotum 20, ol. amygdale 100 parts (for calves 5 c.c.); 
4 per cent. solution of pyrethrin in oil (5 to 10 c.c. in calves). 

Aqueous solutions include 1 per cent. carbolic acid (for lambs 5 c.c., 
calves 20 c.c. for several consecutive days); 1 per cent. creosote with dilute 
alcohol (same dosage); 0-1 to 0-2 per cent. potassium picrate (lambs 
5 c.c., calves 20 to 60 c.c.). In young cattle chloroform water may be 
used (5 : 1,000) in a quantity of } to 4 litre. Aqueous solutions are best 
administered by means of a spray apparatus. ea 

Intratracheal injéctions of benzene (3 to 5 c.c. in calves) give good 
results, according to Mayo, but iodinebenzene (1:10) or iodineglycerin 
(1: 10) appears to be preferable (3 c.c. for sheep, 4 to 5 c.c. for calves, and 8 
to 10 c.c. for adult cattle). In America ol. chenopodii is used in conjunc- 
tion with iodine (iodum 0:5, potassium iodidi 5:0, aqua dest. 45-0, 
ol: olive 100, ol. chenopodu 25-0, ol. terebinth. 25:0). This mixture is 
shaken before use and given to calves in doses of 10 c.c. Chapel recom- 
mends intratracheal injection of a mixture of ether 760, creosol 76, 
castor oil 76, pyrethrin 12, and trichlorethylene 76, by means of a rubber 
tube passed through the naris and larynx (for cattle the tube is 30 to 
40 cm. long and 4 mm. in diameter; for small ruminants a smaller tube is 
required). ‘The dose for calves under a year old is 15 c.c., for bullocks of 
I to 2 years 20 c.c., and for older animals 25 to 30 c.c.; for sheep 3 to 6c.c., 
and for pigs 3 to 10 c.c._ For cattle Scheibel uses a tracheal tube 0-4 cm. 
in diameter and curved elliptically, which is attached to the neck by means 
of a shield and two loops. According to Orloff and Dimitru, more satis- 
factory results are obtained in Dictyocaulus infection when sheep and calves 


are laid on the back with slight inclination of the head to one side and 


backwards during the intratracheal injection of 15 to 20 c.c. of Lugol’s 
solution or of a mixture containing I c.c. of Io per cent. tincture of iodine, 
50 c.c. of glycerin, and 150 c.c, of distilled water (10 c.c. for sheep, 20 to 
50 c.c. for calves). 

As the performance of intratracheal injection in mass infestation, and 
also for anatomical reasons in certain species of animals (swine and adult 
male cattle), presents insuperable difficulties, in these cases the intranasal 
instillation of chloroform is recommended (Harms and Freeborn). The 
animal’s head is raised and the chloroform instilled into each nostril 
by means of a drop-glass or a small syringe without needle while the 
opposite nostril is closed. ‘The dose for sheep is 1°5 c.c., for young pigs 
1:0 c.c., and for calves 6:5 c.c. Bisset treats both nasal cavities simul- 
taneously by the aid of a forked cannula. In Lecarpentier-Dubosq’s 
method chloroform is inhaled by inserting a tampon soaked in 20 to 60 c.c. 
of chloroform into the nares of calves and retained there till the animal 
is semi-anesthetised. In mild cases one application is sufficient, in other 
cases 1t is repeated for 3 doses. | 
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For oral administration v. Linden recommends copper salts, which 
have a lethal effect on worm larve in the stomach and bowel, and can 
be administered in the form of copper-salt licks or mixed with the food 
or dissolved in water. In cases with severe diarrhoea the less irritating 
and constipating copper acetate is recommended, administered in an 
aqueous suspension. As the copper treatment has been shown to be 
ineffective against lung worms, it should be applied only in combination 
with other vermicidal remedies to destroy larve present in the gastro- 
intestinal canal. Phenothiazine is now widely employed for this 
purpose. | 

In the treatment of lung-worm infestation (angiostrongylosis) in car- 
nora Cuillé and Darraspen claimed good results with intramuscular 
injections of neosalvarsan or other arsenical preparations, as well as with 
intravenous injections of emetine hydrochloride (3 :c.c. of a 5 per cent. 
solution), in conjunction with intravenous injections of cardiac stimulants. 

In silver foxes Jeffreys. found treatment ineffective in chronic cases, 
but effective in acute cases when applied by means of a special form of 
tracheal syringe (tracheal swab syringe) connected. with a long-handled 
soft brush protected by a sheath, and a terminal transverse disc of sponge. 
With the animal held in the sitting position and the tongue held to one 
side, the conical end of the syringe, with the brush withdrawn, is intro- 
duced into the glottis and a vermicidal solution injected into the trachea, 
after which, by pressing the piston of the syringe, the brush is introduced 
as far as the bronchial bifurcation (at the level of the eighth intercostal 
space) and immediately withdrawn together with the mucus containing 
the worms. By repeating the operation at intervals of 2 to 3 weeks for 
1 to 3 months worms entering the tracea from the smaller bronchi can be 
removed. ‘This method, which is also valuable for diagnosis, gives good 
results in young foxes over 5 to 6 months old (according to Schillinger 70 
to 95 per cent. of Capillaria and 0 to 66 per cent. of Crenosoma worms are 
removable). Intratracheal injections from the larynx can also be per- 
formed with a long curved syringe and cannula which is introduced in the 
same way as in the previous method, and by which 1 to 2 c.c. of a mixture 
of creosote and olive oil (1 : 9) is injected into the trachea. After this the 
animal is at once released and coughing ceases almost immediately. 
Little result is obtained from the inhalation of vapour of tar, creosote or 
turpentine. 

In all cases of pulmonary helminth infestation a nutritious diet should 
be allowed; this, by increasing the animal’s resistance, constitutes an 
important factor in treatment. Arsenical preparations may also be ad- 
ministered to increase the animal’s resistance. According to Schwartz’s 
experiments in the United States, lung worms in swine cannot be removed 
by medicinal treatment or in any other direct way; thus the only method 
of control is by proper hygienic management. 

Prophylaxis. The safest way of preventing infestation by .lung 
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worms is by the avoidance of infested pastures, especially in rainy 
weather, and particularly in the case of young animals. With the same 
object wet pastures should be drained, or at least pools and ditches 
fenced off, and a pure supply of drinking water insured. Severe invasion 
may be averted by an additional feed at night and by avoiding the early 
pasturing of young animals, especially when the land is wet with dew or 
rain. ‘To destroy the worm larve, pastures and feeding places should be 
manured several times yearly with superphosphate, basic slag, Chile 
saltpetre or calcium nitrate (about 100 grammes to the square metre). 
French veterinarians use sulphate of iron for the disinfection of pastures 
(500 kg. per hectare), after ploughing the soil. In coastal regions Lihrs 
recommends filling of the drainage system of the outer meadows with sea 

water in the winter, and in the following February and March treatment 
of the soil with calcium nitrate (at least 800 kg. per hectare), as sea water 
and calcium nitrate destroy the larve in 14 hours. [As has been said, 
the great majority of the larve, under average field conditions, may be 
expected to die out after a period of a few months and are not likely to 
survive the winter.] 

As lung worms are remarkably host specific marked benefit follows 
the practice of grazing pastures by different species of animals; in this 
way, for example, pastures infested with lung-worm larve of sheep can 
be effectively “‘ cleaned’ when closely grazed by cattle or horses or 
when those infested with cattle lung worms are grazed by horses or sheep. 
In regions where lung-worm infestation appears regularly, generous feed- 
ing is a very important means of protection. In infected flocks and 
herds the young animals should be separated from the adults, and all 
shelters and drinking places disinfected. 

On szlver-fox farms increasing infection of the soil can be checked by 
strict cleanliness of the cages and enclosures, and if possible the avoidance 
of long grass, and also by repeated cleansing of the floors of the houses 
with soap and hot water or 3 to 5 per cent. chloramine solution; also 
frequent removal of the superficial soil and covering with sand or fresh 
soil, and exclusion of cats and dogs from the precincts. 


6. Parasites in the Air Passages of Birds 


(a) Syngamosis (Gapes) 


This affection, which was first observed by Wiesenthal in Baltimore 
(1799), is caused by the species Syngamus and Cyathostoma belonging to the 
family Strongylide. 

Incidence. Syngamosis of birds is common over the whole of Europe 
and in North America, and is also observed in other countries. It is 
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most prevalent in poultry and pheasant farms, and often causes great 
losses among the young birds 4 to 8 weeks old. It also occurs in turkeys, 
but rarely in pigeons or water-fowl (Vogel observed an enzootic in cranes 
in a Zoological Garden), as well as in cage-birds (canaries, American 
blue jays, parrots, cardinals). It is also common in wild birds (partridges, 
ravens, jackdaws, rooks, magpies, oxeyes, storks, starlings, swallows, 
woodpeckers and popinjays). 


Wiesenthal estimated the loss caused by syngamosis in several infected regions in America 
at 80 per cent. of all young chickens, and Crisp in England at half a million annually. In a 
large pheasantry in France 1,200 birds died daily from the disease, and Klee recorded an annual 
loss of several hundred birds in German pheasantries, and Lehrehe in many poultry and pheasant 
farms in Silesia usual losses of 10 to 20 per cent., sometimes 35 to 40 per cent., and occasionally 
100 per cent. 

Syngamus laryngeus occurs in the larynx of cattle and buffaloes in India, in Southern Annam, 
Malaysia and South America without causing symptoms (Sheather and Shilston found it in 
15 per cent. of cattle and 13 per cent. of buffaloes examined). 


‘Etiology. ‘The usual cause of the disease in birds is Syngamus trachea, 
while Cyathostoma bronchiale is rare and found only in water-fowl. 


Syngamus trachea (S. trachealis s. primitivus). ‘This parasite (also known as red worm or gape 
worm) is a slender, red, cylindrical worm with a circular mouth opening and provided with eight 
or nine dentate formations at the base of the mouth capsule. The male, 2 to 6 mm. long, has 
a bell-shaped bursa at its posterior end bearing twelve ribs, with an open- 
ing on one side and short spicula. ‘The female, 15 to 30 mm. long, has a 
genital aperture at the end of the first quarter of the body. The male 
and female are usually found in copulation presenting the appearance 
of asingle -Yshaped or forked worm. The ova are 85 to 90 u long (accord- 
ing to Ortlepp 78 to 100 uw, according to Lerche 74 to 80 uw long) and 37 to 
50 or 43 to 46 py wide, elliptical, and have an aperture closed by an 
operculum at each pole. At the time of deposition they consist of about 
sixteen segments (Fig. 134). 
od Cyathostoma bronchiale (Syngamus bronchialis). Is similar to the above, 

but of a white colour and not generally found in copulation. It also has 
longer and more filiform spicula in the male, which is 4 to 6 mm. long. 
Female 16 to 30 mm. long; ova 74 to 83 X 49 to 62 p, oval. 


Fic, :34.—OvuM OF 
Syngamus trachea 
FROM THE FA&cEs 
OFA TIEN. Development of Syngamus. Contrary to former 

| opinion, it has been demonstrated that in spite of the 
permanent copulation, the ova of Syngamus escape from the sexual aperture 
of the female and under the bursa of the male (Ortlepp), whereupon they 
are partially expectorated with the tracheal mucus, but for the most part 
swallowed and evacuated in ‘the feces. In the presence of sufficient moisture 
and oxygen and a temperature of 10° to 37° C. the embryos develop to 
the infective stage within the ovum in about 10 days and may then emerge. 

Infection can take place by ingestion of the fully developed eggs or larvae. ‘The 

larve may, however, be ingested by earthworms, snails, or other invertebrate 

hosts in which they become encysted and can remain alive, as shown by 

Taylor, for several years. Infection may readily take place by ingesting these 

invertebrate hosts, which also serve the function of carrying on the infection 

from season to season. 
The development of Cyanthostoma bronchiale is similar to that of Syngamus 
trachea (Railliet). 


Resistance of Tracheal Worms. . According to Lerche’s experiments, the ova withstand 
the action of 0°3 per cent. sulphate. of iron, 1 per cent. chloramine, 1 per cent. formalin, 0-3 
per cent. lysol, 5 per cent. sodium salicylate and concentrated salt solution for 24 hours, but 
their development is inhibited by 3 per cent. lysol and 1 per cent. sulphate of iron. On the 
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other hand, they are killed by hot water at 70° C. Larve preserved in various ways retain 
their infectivity for 1 to 2 months, but not longer than 4 months. After 1 to 2} months’ 
desiccation they are killed, but on wet pasture-land retain their infectivity for more than a year. - 


Infection takes place by the ingestion of free larve or ova containing 
infective larve with the food and drinking water, both in poultry farms 
and on wet pastures. Infection may also be conveyed by the ingestion of 
earth worms and snails, which may accidentally harbour the larve. 
Direct infection through the picking up of ova immediately after their 
discharge by tracheal expectoration is not possible, although embryonated 
ova when ingested accidentally may produce an infection which might 
appear to have been acquired in that way. In this connection Rossi's 
observations on an infection in young pigeons can be explained on the 
assumption that the parent birds had swallowed embryonated ova which 
contaminated the crop milk fed to the young. 

Infestation of healthy flocks is caused by worm carriers, which are often 
found among young domestic poultry, turkey hens and wild birds. In 
poultry farms the principal carriers are young brood hens of the age of 
about 12 months, and also adult turkeys, because these, in spite of 
their frequent infection (22-5 per cent. according to Ransom), present 
no symptoms but are able to infect chickens and other young birds. The 
wild birds which may. be worm carriers have already been mentioned. 
These birds often harbour Syngamus without being themselves manifestly 
diseased, and distribute the larve in their flying from farm to farm. This 
is demonstrated not only by the morphological similarity between the 
Syngamus of domestic poultry and that of wild birds, but has also been 
proved experimentally. 

Susceptibility. ‘This is greatest in the first weeks of life in all forms of 
domestic poultry and in pheasants, but is considerably less after the eighth 
week and continues to diminish with increasing age. Adult hens, with 
rare exceptions, do not harbour gape worms. 

Pathogenesis. The mode of migration is a matter of opinion. 
Probably the free larva, in the same way as with many other parasitic 
worms, enter the blood stream from the intestine and eventually reach the 
capillaries of the lung, where they are retained, and after penetrating the. 
capillary walls enter the alveoli and eventually migrate into the bronchi, 
where they copulate and then settle in the trachea, chiefly in its central 
portion or in the lower third. This view of the migration is supported 
by Ortlepp’s researches, in which larve were found in the lung capillaries 
in 24 hours; and by those of Lerche, in which they were present in the 
trachea in 5 to 6 days. According to Walker and Reinhardt, the larve 
during deglutition adhere to the cesophagus, and after penetrating its 
wall enter the trachea directly. Other observers regard migration from 
the intestine by way of the air sacs as a possibility. 

After settling in the trachea the worm penetrates by its head as far 
as the submucosa, where it is nourished by sucking the blood, and by its 
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mechanical and chemical irritation gives rise to connective tissue prolifera- 
tion and to small wart-like proliferations at the points of penetration. 
This results in the production of local catarrhal changes and also of anemia. 

Pathological Anatomy. The adult Syngamus is usually found to 
the number of 30 or 40, but in young birds often in much smaller numbers 
(3 to 6), usually in the middle or lower third of the trachea, only occasionally 
in the upper third. Cyathostoma, on the other hand, may be present in 
the bronchi, in which it may enter the smallest branches. In both places 
the worms form red coloured, rolled masses enclosed in bloody mucus, 
which may cause occlusion of the air passages. At the points of attach- 
ment of the worms the mucous membrane is reddened and covered with 
streaks of blood, and shows very small warty protuberances with purulent 
contents in their depressions (bite necrosis, according to Vogel). Some- 
times, too, there is gelatinous infiltration of the surrounding connective 
tissue. In infestation with Cyathostoma signs of pneumonic changes are 
often found. Sometimes both forms of worms are present in caseous 
masses filling the air sacs. 

Symptoms. The incubation period is usually about 14 days, but 
this, like the clinical symptoms, may vary considerably in different degrees 
of infection; for instance, young chickens infested with only three to six 
worms may present very severe symptoms. ‘The latter include cough with 
expectoration of tenacious masses of mucus, repeated swinging movements 
of the head, frequent opening of the beak while stretching the neck (hence 
the name “ gapes’’), and sibilant or stertorous breathing. ‘The appetite 
remains good at first, but emaciation, and later cachexia, develop rapidly. 
Later dyspnoea is progressive due to the obstruction of the bronchial 
tubes by clumps of worms. ‘The condition may quickly terminate fatally 
from asphyxia, or if less acute from complete exhaustion. 

The mortality averages 30 to 50 per cent., but may be 100 per cent. 
In older and less severely infested birds recovery may take place, or they 
may present no definite symptoms. 

Diagnosis. Although the characteristic symptoms are strongly 
suggestive of syngamosis, a definite diagnosis can be made only by the 

-demonstration of the worms in the trachea by parting the feathers and 
drawing the skin forwards, so that the trachea can be illuminated when 
held against a bright light. In some cases the worms can be seen as red 
thread-shaped formations in the upper part of the trachea by pushing 
the larynx upwards under direct illumination. In all cases the feces 
and expectorate should be examined for the characteristic ova. 

Treatment. Mechanical removal of the worms from the pharyngeal 
cavity can be attempted by means of a feather stripped of its barbs except 
near the tip, soaked in some parasiticide, and introduced as far as 
the bifurcation, or by means of a corkscrew-like curled piece of wire 
introduced with cautious rotatory movements down to the bifurcation 
and then withdrawn in the same way. Fine forceps can also be used for 
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this purpose. However, as the worms are situated chiefly in parts of the 
trachea which cannot be reached in this way, this method is of very 
limited value. A somewhat better method consists in the inhalation of 
carbolic acid vapour, produced by pouring boiling water on carbolic 
acid. This is administered for 5 minutes daily and continued for a 
week. Ménnig advises an intratracheal injection of an aqueous solution 
of 5 per cent. salicylic acid. Arnault recommends a few drops of a 50 
per cent. solution of formol-allyl-glycerin to be injected into the trachea, 
and also added to the drinking water as a prophylactic. Clapham saw 
good results after introduction of o-02 c.c. oil of garlic deeply in the 
pharynx three times a day. 


Intratracheal injection is performed as follows: The bird being firmly held with its beak 
wide open and the tongue pulled out with a fine metal ring which has been attached behind 
the V-shaped projection at the base of the tongue, a blunt injection needle, preferably slightly 
curved and attached to a syringe, is passed through the glottis and into the trachea to a depth of 
about 3 to 4mm. The required amount of fluid is then injected slowly. After the euleetion 
the bird usually suffers from severe dyspnoea and coughing, but this soon subsides. 


Prophylaxis. Chickens which are apparently healthy should be 
isolated in clean uncontaminated runs; the affected should be destroyed 
and their carcases together-with feeces and other excreta should be burned. 
The floors and walls of the houses and also the feeding and drinking 
vessels should be disinfected by being scalded with boiling water. The 
surface soil of the runs should, if possible, be removed and replaced with 
clean sand. Pools of water may be drained or fenced off with netting. 
It is advisable to avoid wet ground in which earth worms are prevalent. 
In the case of relatively small areas which comprise the nursery chicken 
runs a chemical preparation—such as is used for the eradication of earth 
worms from lawns—may be employed, but as such preparations may 
contain poisonous substances they must be used with care. 

Eggs intended for incubation should be carefully cleansed and, if 
not incubated artificially, should be brooded only by adult hens, since 
these only very rarely harbour gape worms. 

Chickens for the first 6 or 8 weeks of life should be run only on clean 
land which, if possible, should be netted to exclude wild birds. 

Since even mature adult turkeys may be worm carriers they should 
not have access to ground used by young chickens. During an outbreak 
of syngamosis it is also proper to keep young chickens separate from pullets 
which are under 14 months old. Because wild birds are another common 
source of infection those in.the vicinity of poultry farms should be reduced 
in number. 

Newly purchased chicks should be quarantined and kept under ob- 
servation until it is obvious that they are free from SyHg AMMO sts and also 
from any infectious disease. 

As has been indicated, gape-worm larve may, under optimum con- 
ditions, remain viable in the soil for at least a year. 
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(b) Mites in the Air Passages of Birds 


Parasitic mites are not infrequently found in the air passages and air sacs 
of birds, and also in the subcutaneous connective tissue. 

Cytoleichus nudus (C’. sarcoptoides, C'ytodites nudus) is about 4 mm. long 
and ovoviviparous. It infests fowls, turkeys and pheasants, and inhabits 
all the air passages, and especially the large air sacs, and is occasionally 
found in the air cavities of the bones. ‘The mites are minute white objects, 
sometimes motile, hardly visible to the naked eye, and when closely 
aggregated have the appearance of hoar-frost. ‘They seldom cause symp- 
toms. In some cases cough accompanied by a sound resembling that of 
a foreign body in the trachea has been observed. In cases of average invasion 
they occasionally give rise to bronchitis with profuse secretion, a hoarse gurgling 
cough and dyspnoea. They are often discovered at post-mortem examinations 
in the bronchial secretion and in pneumonic foci. In adult cachectic fowls 
Marek and others found numerous sarcoptic mites in the abdominal cavity 
without any signs of inflammation. In cases observed by Ruffner in young 
chickens there were symptoms of dyspnoea, anemia, emaciation and diarrheea. 
A definite diagnosis during life is impossible, and no form of effective treat- 
ment is known. Inhalations of tar and iodine have been tried, and Ruffner 
recommends the addition of sulphur to the food. ‘The infection can be eradi- 
cated only by destruction of all the affected birds and disinfection of their 
quarters. ; . 

Laminosioptes cysticola (Sarcoptes, Epidermoptes, Symplectoptes cysticola). ‘This 
mite was found by Kasparek in the air passages of pigeons in association with 
catarrhal changes and yellowish foci in the lungs. Usually, however, they are 
only found in the subcutaneous tissue, where they form white chalky granules. 


In a pig suffering from severe attacks of coughing Koppen found on post-mortem examina- 
tion numerous mites in the bronchial mucus, which may have entered the larynx and bronchi 
after feeding on cheese refuse. 


SECTION IV 
DISEASES OF THE LUNGS 


1, Congestion and Gdema of the Lungs (Hyperzmia et 
(Edema Pulmonum) 


Hypera@MiA of the pulmonary capillaries may arise either from in- 
creased blood supply with correspondingly increased outflow (hyperemia 
pulmonum activa), or from diminished outflow with normal or increased 
inflow of blood (hyperemia pulmonum passiva). Cidema of the lung 
may occur in either condition from the exudation of serous fluid into the 
alveoli and bronchioles and also into the interalveolar tissue. 

Etiology. Active hyperemia often results from strenuous work, during 
which an.increased amount of blood enters the pulmonary artery. Con- 
sequently it occurs in hunting, racing and military horses, and also in 
sporting dogs, especially in hot weather, when the bloodvessels are relaxed 
by the effect of heat. Generally, however, these cases are due either to 
acute dyspnoea resulting from acute cardiac asthenia with passive hyper- 
emia of the lung, or to heatstroke or sunstroke. In horses and possibly 
other animals a similar condition occurs in connection with rheumatism 
of the intercostal muscles, developing during prolonged transport by ship 
or rail in crowded spaces and waggons and aggravated by overheating, 
overstrain and excitement. MDieckerhoff regarded this affection as a 
pleurodynia. 

Active hyperemia may also develop from the inhalation of hot air 
or irritant gases which cause relaxation of the bloodvessels and inflam- 
matory irritation of the tissues (especially in conflagrations and gas attacks 
during war). Hyperemia occurring at the onset of acute inflammations 
is of the same nature. 

Collateral hyperemia develops as the result of rapidly increasing 
obstruction of the circulation in a portion of the lung (pneumothorax, 
thrombosis of the larger branches of the pulmonary artery). 

Passive hyperemia regularly accompanies mitral insufficiency and steno- 
sis; also cardiac asthenia due to dilatation, uncompensated valvular incom- 
petence, acute infective diseases, intoxications, and acute inflammatory 
diseases of the different organs. It may also occur from compression of 
the pulmonary veins (pericarditis), reduced negative intrathoracic 
pressure (gastric and intestinal meteorism), and also after prolonged 
lateral decubitus in the lung on the side upon which the animal was 
lying (hypostatic congestion). 

oo7 
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The pathological importance of pulmonary hyperemia depends on 
the production of a certain degree of rigidity of the lung, with reduced 
capability of expansion caused by distension of the capillaries and diminu- 
tion of the lumen of the alveoli and small bronchioles through projection 
of the dilated capillaries into them. Passive hyperemia also gives rise 
to increased respiratory movements, partly from the excess of carbonic 
acid in the blood and partly from reflex action. 

Pulmonary edema may arise from inflammatory processes caused by 
injury to the tissue of the lung by the inhalation of fumes or irritant gases. 
It may also occur in association with acute pneumonia, and in some infec- 
tive diseases (anthrax, malignant oedema, septicemia), in which case 
bacteria and toxins may act on the lung directly or through the circulation. 
The same effect may be produced by certain vegetable and animal 
poisons, as well as by products of decomposition arising in the organism 
itself (also in severe nephritis). According to Ray and Murray and Biester, 
a peculiar form of pulmonary oedema is observed in cattle and swine in 
North America, in which the tissue is of a grey colour and elastic consist- 
ence caused by Coryne bacteria. Ulmann observed many cases of pul- 
monary cedema with icterus in horses which followed the ingestion of 
freshly-cut lucerne and barley straw. 

In the majority of cases cedema of the lung develops mechanically in 
blood stasis, often shortly before death, but also from cardiac asthenia, 
possibly in connection with insufficient respiratory movements of the lungs. 
Also valvular lesions in the left venous ostium, even 1f compensated, may 
cause oedema of the lung as the result. of continued interference with the 
outflow of venous blood to the left auricle, as also occurs in hypostatic 
congestion. A further cause of pulmonary oedema is nutritional disturb- 
ance of the vascular wall in cachexia. 

Pulmonary cedema is also of pathological importance in addition to its 
interference with respiration, as in hyperemia of the lung, by filling the 
alveoli and air passages with serous fluid, and thereby causing marked 
disturbance of the gaseous exchange. 

Pathological Anatomy. In pulmonary hyperemia the lungs are 
of firmer consistence than normal and also somewhat increased in volume. 
The cut surface is dark red and exudes blood freely. In long-continued 
passive hyperemia there is connective tissue hyperplasia and the cut surface 
is of a rusty brown colour due to the deposit of hematoidin. In hypostatic 
hyperemia one lung or a portion of it only may be affected; the alveoli 
are filled with blood cells and serum, producing a spleen-like consistence 
(splenisation, or incorrectly hypostatic pneumonia). 

In pulmonary cedema the lung is less elastic and its air content is 
diminished; the cut surface exudes a frothy fluid mixed with blood, which 
also flows from the divided bronchial tubes. 

Symptoms. The symptoms, which are similar both in hyperemia 
and oedema, consist in rapidly increasing dyspnoea with attacks of asphyxia, 
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possibly accompanied by rattling sounds and marked venous congestion 
and cyanosis. In cedema there is often a white or reddish frothy discharge 
from the nose and sometimes a short, hollow cough. In hypostatic 
hyperemia the percussion note is dull over the lower part of the chest, 
and in severe cases of cedema there are also areas of dulness and of tym- 
panitic resonance. Vesicular breathing in hyperemia is diminished or 
rough; in cedema it is diminished in places and accompanied by numerous 
crepitations and rales. The cardiac impulse is throbbing and the. pulse 
weak. 

In some cases, especially in active hyperemia, all these symptoms 
may rapidly subside and the animal may recover in 6 to 12 hours, while 
other cases may end in asphyxia (apoplexia pulmonum). Passive 
hyperemia is usually of slower development, but in severe cases may be 
fatal in a few days. Pulmonary cedema is variable in development, but 
may be rapidly fatal (apoplexia pulmonum serosa). 


In Pleurodynia respiratory disturbances occur, together with tenderness to 
pressure over the intercostal spaces and acute emphysema. ‘These generally 
subside in 4 to 6 days, but sometimes leave fibrinous pleuritis which may lead 
to a fatal termination. 

In ship-transport disease of horses (‘‘ transit fever *?) the symptoms include 
reduced appetite, fever, an icteric or brick-red tinge of the conjunctiva, laboured 
respiration with normal signs on percussion and auscultation, or perhaps 
diminished vesicular breathing in the lower part of the thorax; also weak- 
ness of the hind quarters, dark coloration of the urine, and constipation 
(Forgeot). 


Diagnosis. Both hyperemia and oedema of the lung are easily 
recognised by the sudden appearance of disturbances under the influence 


of the causes described, or by the presence of certain primary diseases. 


In distinction to hyperemia, heatstroke is manifested by marked prostration 
in addition to dyspnoea and by the usual high temperature. In septicaemic 
infections (anthrax, swine erysipelas, etc.) there are symptoms of a severe 
febrile general disease from the first independently of external causes or 
of a primary affection. From diffuse bronchitis, pulmonary oedema is 
distinguished by the absence of fever and the presence of crepitant rales 
and a frothy nasal discharge. In pulmonary hemorrhage frothy blood is 
discharged from the nares. 

Prognosis. In animals otherwise healthy the prognosis of active 
hyperemia is not unfavourable if proper treatment is administered in 
time. On the other hand, passive hyperemia, hypostatic congestion 
and pulmonary cedema are often fatal. Unfavourable signs are cardiac 
asthenia and a rise of temperature, which generally indicates the onset 
of pneumonia. 

Treatment. In all cases the animals must be kept at rest. In both 
forms of hyperemia, and also in cedema resulting from these conditions, 
free venesection is beneficial by relieving the heart and diminishing the 
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blood pressure in the lungs, and thereby promoting aeration. In many 
cases exposure of the animals to fresh air is beneficial or the administration 
of oxygen may be tried. Subcutaneous injections of camphor, caffein or 
ether, friction and spraying with cold water, and also cardiac tonics are 
indicated in conditions associated with a failing pulse. In pulmonary 
cedema with a fairly good pulse atropine may be given subcutaneously 
(0:03 to 0:05 gramme for large animals), or scopolamine (0-003 to 0-006 
gramme). 

Prophylaxis consists in the avoidance of hard work and undue 
exertion for animals with cardiac affections and regulation of evacu- 
ations. Sick animals which are decumbent should be turned fre- 
quently. 


Gas Poisoning in War. In the first world war many casualties were caused 
by poison gas among the animals (horses, carrier pigeons and dogs) used for 
military purposes. The irritant gases at first applied (brominated methyl- 
ethyl-ketone) were soon replaced by more toxic gases (chlorine, phosphorus, 
chlorpicrin, chloracetone, carbonyl chloride, phosgene, stannic tetrachloride, 
diphenyl-chlorazon, trichlormethyl chloroform, diethylsulphide), of which, 
for example, chlorine is fatal in a concentration of 50 mg. and phosgene in 7 mg. 
per cubic metre, and others in still less concentration. ‘The greater resistance 
of the horse to these gases in comparison with man, dog and pigeon is ex- 
plained by the fact that a horse’s nose is higher from the ground, where the 
gas is less concentrated, while men in the trenches or lying in the open, and also 
smaller animals, are exposed to the full concentration. Another factor is the 
exclusively nasal respiration in the horse through a comparatively long and 
narrow nasal passage. [In the editor’s experience, horses and mules were 
relatively unaffected by gas provided they were not exerted during the 
actual gas attack. | 

Lung Irritants. War gases produce the same effects as gases inhaled during 
conflagrations. ‘Their noxious effect is chiefly exercised on the epithelium and 
capillaries of the pulmonary alveoli and bronchioles, causing inflammatory 
cedema; but the other air passages, the pharynx and conjunctiva, and in the 
case of some gases even the skin, are also affected. 

The first symptom after breathing the gas is severe cough, which may 
develop immediately or in the course of 24 hours. This is followed by signs 
of bronchitis and pulmonary cedema, with profuse, grey or yellowish, frothy 
discharge from the nose, sometimes mixed with blood, inspiratory dyspnoea 
with dilatation of the nares and a fixed anxious aspect. When cedema is 
severe or broncho-pneumonia develops the respiration becomes stertorous, crepi- 
tations and rales or rhonchi are heard in the chest, and there is diminished 
resonance and vesicular breathing. Further symptoms are a gradually rising 
temperature, weak and rapid pulse (70 to go in horses), a clear yellow discharge 
from the palpebral fissure, and slight swelling of the palpebral conjunctiva; 
sometimes dysphagia, rigidity of the body, loss of appetite, and often also cessation 
of thirst. Later on pleuritis may develop. 

If suffering from lung irritant gases—i.e., phosgene class—some animals 
die immediately or in a few hours from asphyxia or cardiac paralysis, even 
before severe respiratory changes have developed. Cases of marked pulmonary 
cedema and bronchitis usually end fatally in 48 hours. In less severe cases 
(about 30 per cent. according to Beck) improvement occurs in 4 to 5 days and 
the animals gradually recover, but suffer from bronchitis for some time after- 
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wards. Broncho-pneumonia develops in about 10 per cent. and is usually 
fatal. When symptoms are late in appearance, recovery takes place in 3 or 
4 days. 

The animals must be removed from the gas area and placed in an airy 
stall or in the fresh air, with complete rest. The symptoms are relieved by 
venesection and simultaneous intravenous injection of 60 to 90 grammes of a 
solution of calcium boro-gluconate three times daily. Inhalations of oxygen 
may also be given, as well as cardiac tonics and atropine. After recovery of 
the appetite soft succulent fodder free from dust should be given. 

Vesicants. With gases of the vesicant class, especially mustard gas which 
is recognised by its garlic smell, no irritation is produced before 4 to 6 hours. 
After this period, conjunctivitis with swelling of the eyelids and cloudiness of 
the cornea develops, together with a nasal discharge, raised temperature and 
rapid pulse, without involvement ofthe lungs; after 5 to 7 days with cutaneous 
gangrene of varying depth with eventual healing. 

General Prognosis. Gas mask containing various absorptive substances 
(sodium peroxide, sodium phenolate for chlorine gas, hexamethylenetetramin 
for phosgene) should be applied to horses and dogs. ‘Those for horses are made 
in three sizes and are applied only to the upper jaw. In the absence of gas 
masks, food bags containing moist hay or soaked in sodium thiosulphate and 
potash may be substituted. The head can also be covered with a cloth soaked 
in salt water, and all movements of the animals prevented during gas attacks. 
For homing pigeons protective cages have been used. 


2. Pulmonary Hemorrhage (Hemoptysis) 


From the clinical standpoint the term hemoptysis is applied both to 
hemorrhage from the air passages beyond the larynx and from the 
lungs themselves, as it is impossible to distinguish between them 
during life. 

Etiology. In horses hemoptysis may occur as the result of pulmonary 
hyperemia due to over-exertion and racing, and also of cardiac disease. 
In fowls it may be caused by exposure to cold in inclement weather. 
Hemoptysis occurring in some infective diseases is caused by damage to 
the walls of the bloodvessels (anthrax, purpura hemorrhagica, pox, septi- 
cemia, piroplasmosis, pneumonia); also in leukemia, renal disease and the 
hemorrhagic diathesis. ‘Tissue destruction developing in glanders, tuber- 
culosis, gangrene, cavitation of the lung, and in tumours may also lead to 
hemoptysis. Occasionally hemorrhage may be caused by the connection 
of an aortic or pulmonary aneurysm with a bronchus, or by thrombo- 
embolic occlusion of a vessel (as in valvular cardiac insufficiency). In 
the latter case the hemorrhage is slight, although Wyssmann observed 
fatal hemorrhage in a cow resulting from thrombosis of a pulmonary 
artery originating from traumatic gastritis. Hemoptysis due to injuries 
to the lung is very rare. 

Symptoms. Slight bleeding from the lung may remain unnoticed, 
owing to absorption or decomposition of the blood, or streaks of 
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blood may be seen in the nasal secretion or in the sputum. Sometimes 
the nasal secretion and sputum are saffron yellow or rust brown in 
colour (the former chiefly in acute pneumonia, the latter in cardiac 
deficiency). 

In severe hemorrhage the blood gushes in jets from both nares and 
also from the mouth; it is bright red and frothy, and on clotting contains 
small air bubbles. The bleeding is accompanied by severe dyspneea, 
muscular tremors, profuse sweating, staggering, and small rapid pulse. 
Loud rales and sometimes crepitations are heard over the chest. If the 
bleeding continues the mucous membranes become pale, the pulse 
thready or imperceptible, and the animal dies in convulsions. 

Diagnosis. ‘The bright red colour and foamy consistency of the 
blood and the accompanying dyspnoea and rales are usually sufficient 
for diagnosis. In hemorrhage from the naso-pharyngeal or buccal cavities 
or from the cesophagus the blood is sometimes evacuated in jets, but 
is not frothy (or contains only a few large air bubbles), and there are 
no physical signs in the lungs. In hematemesis the bleeding occurs 
during vomiting, is of a darker colour and often mixed with clots; 
it is acid in reaction and often contains food particles. It must be borne 
in mind, however, that coughing in smaller animals sometimes gives rise 
to vomiting, during which the vomited blood may enter the air passages, 
and when subsequently ejected is of a darker colour; also that a large 
amount of blood may remain alkaline in the stomach. ‘These facts must 
be taken into consideration 1n conjunction with the condition of the other 
organs in establishing a diagnosis. : 

Prognosis. After inconsiderable loss of blood (in large animals 
up to 3 or 4 litres) the animal shows only temporary weakness, but severe 
loss of blood produces anemia which may terminate fatally. Excessive 
hemorrhage may cause death in less than an hour. 

Treatment. In cases of slight hemoptysis it is sufficient to keep the 
animal at rest in a cool place and avoid unnecessary examination. Young 
chickens should be placed in a warm place. To relieve coughing narcotics 
are indicated, and to check hemorrhage vaso-constrictors, such as ergot 
and its preparations, may be tried. ‘To increase the coagulability of the 
blood subcutaneous injections of gelatin may be given in doses of 40 to 
60 grammes for large and 2 to 10 grammes for small animals; also sub- 
cutaneous or intravenous injections of an aqueous solution of calcium 
‘borogluconate. In slow hemorrhage calcium gluconate may be given ° 
by the mouth (for dogs one tablespoonful every 2 hours). Intravenous 
injections of Congo red may also be tried (50 to 100 c.c. of a I per cent. 
solution for horses). Auxiliary treatment includes cold or warm packing 
of the chest, and when the hemorrhage is definitely limited to one side, © 
strapping of the affected side with rubber plaster to prevent the respira- 
tory movements. In Human Medicine artificial pneumothorax is per- 
formed in dangerous hemorrhage to rest the affected lung. Venesection 
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is indicated only in hemorrhage due to hyperemia. Cardiac and nerve 
tonics are indicated when the strength is failing. 

Animals predisposed to pulmonary hemorrhage must be protected 
from strenuous work, over-heating and chill, and from excitement also. 


3. Alveolar Emphysema of the Lungs (Emphysema 
Pulmonum Alveolare) 


Emphysema is a condition of abnormal dilatation of the lung in 
which the tissue may remain unchanged or the alveolar septa become 
atrophied. 


(a) Acute Alveolar Emphysema (Emphysema Pulmonum 
Alveolare Acutum) 


Acute alveolar emphysema consists in dilatation of the alveoli without 
any changes in the pulmonary tissue. It may involve the whole of both 
lungs or be localised in certain portions. 

Etiology. Diffuse emphysema occurs regularly in the course of 
diffuse bronchiolitis, also in pleurodynia (vide supra), in consequence 
of frequent spasmodic cough, or excessive inspiratory and expiratory move- 
ments caused by over-exertion, certain diseases of the air passages and 
prolonged agony. It has been observed in cattle kept in ill-ventilated 
byres (Marggraf) and as a sequel to puerperal paresis (Albrecht). 

In bronchial stenosis circumscribed acute emphysema develops in 
the corresponding portions of the lung; in atelectasis of portions of the 
lung emphysema develops in the adjacent portions; and in unilateral 
pneumothorax in the opposite lung. — 

Pathogenesis. Acute emphysema may develop from over-distension 
of the alveolar walls caused by forced inspiration and expiration, in paroxys- 
mal attacks of coughing, as a result of which the elasticity of the alveolar 
walls is eventually lost; consequently the expiratory contraction of the 
lung gradually diminishes, so that the continued air hunger causes a fresh 
inspiration before expiration has ended; thus the alveoli are increasingly 
distended with air. In a similar way compensatory emphysema develops 
when there is a free access of air to the parts of the lung which are capable 
of expansion. In bronchial affections, apart from laboured respiration 
and repeated attacks of coughing, the delayed outflow of air plays an im- 
‘portant part, as during increased inspiration the air entering the alveoli 
is partially retained at the next expiration because of the limited power 
of the expiratory muscles and the expiratory collapse of the bronchioles. 
In consequence of its loss of elasticity the lung tissue partially loses its 
capacity for expansion and rapid contraction. 


\ 


544. DISEASES OF DOMESTIC ANIMALS 


Further, the pulmonary circulation is impeded because the capillaries 
in these circumstances become lengthened and narrower, and they thus 
offer greater resistance to the blood stream. ‘The restricted respiratory 
movements of the thorax in severe emphysema do not assist the circulation 
in the same degree as in quiet respiration. 

Symptoms. Apart from symptoms of any primary disease, there is 
hyper-resonance on percussion over the lower and posterior border of 
the lung and also a backward displacement of its postero-inferior border 
which in the horse and dog may extend beyond the costal arch. In cases 
of circumscribed emphysema the percussion note is changed only in certain 
parts of the lung. According to the origin of the emphysema, vesicular 
breathing may be diminished or increased. In the case of bronchial 
catarrh rales and rhonchi are heard. 

Extensive emphysema is accompanied by varying degrees of dyspncea, 
which may develop gradually or suddenly, and in cattle is associated 
with loud, groaning, expiratory sounds. Increasing dyspnoea may lead 
to interstitial emphysema and even to cutaneous emphysema of the 
neck and shoulder region, as in the course of the “ hunting sickness ” 
of horses. 

Course. When the primary disease undergoes resolution or when 
over-exertion ceases, acute emphysema subsides without leaving a trace; 
otherwise it tends to become chronic. In cattle its course is often cut 
short by slaughter. 

Diagnosis. ‘The change of percussion resonance already described 
in connection with a definite primary disease or other cause is suf- 
ficient for diagnosis, when chronic emphysema can be excluded by 
the history and other circumstances. In cattle emphysema has in 
some cases to be differentiated from traumatic gastritis and_peri- 
carditis. , 

Treatment. This depends upon the primary cause, but in all cases 
rest is essential. In obstructed air entry into the smaller bronchi (arising 
from catarrhal swelling and masses of mucus) subcutaneous injections of 
atropine are indicated (for horses and cattle 0-03 to 0:05 gramme) to 
relax the bronchial musculature and diminish secretion. 


(b) Chronic Alveolar Emphysema (Emphysema Pulmonum 
Alveolare Chronicum) 


In chronic alveolar emphysema there is permanent dilatation of the 
pulmonary alveoli with partial atrophy of the interalveolar and inter- 
infundibular septa, together with their capillaries. Usually it develops as 
a true or essential emphysema and involves the whole of both lungs, 
although parts of them may be affected in different degrees, more rarely 
as a compensatory chronic emphysema in certain areas of the lung in 
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connection with defective expansibility of the neighbouring parts. It 
occurs chiefly in horses, as the most common cause of broken wind; 
also in sporting dogs (generally at an advanced age) and in draught 
oxen. 

Atiology. In the majority of cases chronic emphysema develops 
primarily as a result of forced inspiration and expiration during prolonged 
periods of hard work or short but intense exertion. It also occurs as a 
secondary condition in diseases of the respiratory organs accompanied 
by repeated deep inspiration and forced expiration or by chronic cough. 
The most common and most important of these is frequently recurring 
spasmodic cough, as occurs in chronic bronchial catarrh, especially 
diffuse catarrh of the smaller bronchi with tenacious mucous secretion 
in which repeated coughing is associated with catarrhal bronchial stenosis. 
An enzootic of pulmonary emphysema has been reported by Wirtanen 
in Finland, resulting from bronchitis probably due to the inhalation of the 
hay pollen. Ball found chronic emphysema in several cats affected with 
bronchial polyadenoma. It may also develop from prolonged inspiratory 
dyspneea in laryngeal stenosis (usually in paralysis of the recurrent nerve). 

Compensatory chronic emphysema may be occasioned by similar 
pathological processes in certain parts of the lung, as acute emphysema, 
when the condition has existed for a long time (pleural adhesions, foci of 
chronic pneumonia,. bronchial stenosis by compression, etc.). In this 
form it is only of secondary clinical importance, by aggravating the 
respiratory disturbance caused by the primary disease. 

Susceptibility. The frequency of true chronic emphysema increases 
with age. In horses under 5 years of age it is rare, but common in 
older animals, in which forced respiration caused by hard work effects 
continuous injury to the lung tissue over long periods. Work horses 
are often exposed to diseases of the respiratory organs and to nutritional 
defects. ‘The influence of improper feeding is also seen in senile atrophy of 
the lungs, in which the dilatation of the alveoli is due exclusively to atrophy 
of the interalveolar septa. The resistance of the lung tissue to the effect 
of traction and pressure varies considerably, which explains why some 
animals are affected at a younger age and in a shorter time than others, 
which may remain free from emphysema or are only affected to a slight 
degree. Low resisting power of the lung tissue may be due to previous 
pulmonary affections and nutritional disturbances or may be con- 
genital. 

Pathogenesis. Excessive dilatation of the alveoli and repeated 
stretching of their walls, repeated for months or years, eventually cause 
a decrease in elasticity of the pulmonary tissue and also its nutritional dis- 
turbance by impeding the circulation during the stretching and narrowing 
of the pulmonary capillaries which occur at each inspiration. Of still 
greater importance is the increased expiratory pressure in the alveoli at 
each forced expiration, as well as at each attack of coughing. ‘This leads 
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to traction and pressure on the interalveolar and interinfundibular septa, 
and, on the other hand, to temporary interruption of the circulation by 
closure of the capillaries during expiration. The frequent repetition of 
this process causes some capillaries to become impermeable to the passage 
of blood cells, so that only the plasma passes through, while in other 
capillaries there is no circulation at all. In this way the nutrition of the 
already damaged lung tissue, together with its capillaries, is impaired, 
the capillaries become gradually obliterated, the elastic fibres give way, 
the alveolar epithelium undergoes fatty degeneration, the interalveolar 
and interinfundibular septa gradually atrophy, and the spaces between 
the elastic fibres increase, till finally the interalveolar and later the inter- 
infundibular septa disappear and the adjacent alveoli become confluent 
to form a common cavity. Further increase of the emphysema takes 
place by the continuance of the exciting causes, and also by prevention 
of the escape of expiratory air from numerous alveoli resulting from 
compression of their bronchioles by the distended alveoli and infundibula 
of the neighbouring tissue. This condition is aggravated also by the 
resulting bronchial catarrh and cough, and the stenosis of the smaller 
bronchi associated therewith. 

Owing to their diminished elasticity and permanent distension the 
alveoli expand with difficulty at each inspiration and also contract less 
easily on expiration, and consequently continue to Increase in size. The 
suppression of a proportion of the pulmonary capillaries which take part 
in the gaseous exchange leads on the one hand to a reduction of the 
respiratory surface of the lung, and on the other hand to a permanently 
raised pressure in the pulmonary arteries, and thereby to hypertrophy 
of the right heart, the condition being aggravated by the limited respira- 
tory oscillation of the intrathoracic pressure. All these processes maintain 
dyspnoea and render the animal liable to bronchial catarrh. 

Pathological Anatomy. ‘The lungs are larger, softer and less elastic 
to touch than normal (resembling an air cushion), paler than usual owing 
to the reduced blood content, and often present the impressions of the 
ribs, which is a point of forensic importance. ‘The borders of the lungs 
are rounded and show individual alveoli and between them sometimes 
larger air spaces. All these changes are most pronounced in the lower 
and posterior portions of the lungs, and as a result the diaphragm is dis- 
placed towards the abdomen and the heart is to a greater extent covered 
by the lung. On section the lung collapses slowly and. without crepitation, 
and only a small quantity of frothy blood exudes. If bronchial catarrh 
is present, small drops of pus escape on pressure: In spite of their enlarge- 
ment the lungs are lighter than normal. In advanced cases there is right 
cardiac hypertrophy, and in the final stages general blood stasis. 

On histological examination St6mmer found that the diameter of the alveoli was increased 


from the normal 0-15 to 1-5 mm. and their septa diminished from 8 to 1-2 pw. The capillaries 
were stretched and their lumen narrowed or obliterated, the elastic fibres atrophied and the 


PULMONARY EMPHYSEMA 547 


alveolar epithelium fatty. In man, Rindfleisch observed a formation of new bloodvessels by 
anastomosis between branches of the pulmonary and bronchial arteries and also an increase 
in the bronchial involuntary musculature. 

In senile atrophy there is also dilatation of the alveoli, but this is due to primary atrophy of 
the pulmonary tissue, and the lungs are not enlarged, but rather reduced in size, and cardiac 
hypertrophy is absent. In animals this condition is rare. 


Symptoms. In the developmental stage no obvious symptoms are 
present, but on closer examination, with a normal rate of respiration, 
expiration will be found to be slightly prolonged and accompanied by 


Fic. 135.—DISsPLACEMENT OF THE LOWER AND POSTERIOR BORDER OF THE LUNG IN 
CHRONIC PULMONARY EMPHYSEMA. 


The thin line indicates the normal boundary of the lung, which at C joins the cardiac dulness. 
The thick line indicates the limit of the emphysematous lung. The figures indicate the 


numbers of the ribs. 


visible action of the abdominal muscles. In lean animals a slight inspira- 
tory retraction of the intercostalspaces and cardiac region may be observed. 
Early symptoms are rapid fatigue and a varying degree of laboured respira- 
tion or of actual ‘“ broken wind.”’ | 

In the advanced stage dyspnoea becomes more pronounced and chiefly 
affects expiration. During the latter the abdominal respiratory muscles 
are brought into prominent action and the period of expiration is 
prolonged (Bédecker found the ratio between the duration of inspira- 
tion and expiration to be 5: 8-9). The expiration is also often accom- 
plished in two stages separated by a definite interval, each inspiration 
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being directly followed by a short retraction of the thoracic wall, and 
after a definite pause by a stronger contraction of the expiratory muscles 
with arching of the spine. In the most severe cases the retraction of 
the thoracic wall may commence in its posterior portion and extend 
anteriorly, producing a definite wave, so that expiration may continue 
anteriorly when an inspiration-like movement of the thoracic wall has 
already begun posteriorly. A constant sign is a marked expiratory 
groove along the costal arch (“‘ heaves groove’’). Inspiratory dyspnoea 
with forward and upward- movement of the ribs and retraction of the 
intercostal spaces, as well as other more yielding parts of the thorax, is 
also observed, sometimes together with interruption in intervals. 

In well-marked cases the chest is barrel-shaped. ‘The percussion 
note is hyper-resonant, especially near the lower and posterior border of 
the lung, while posteriorly the border is displaced backwards for the width 
of one to four ribs, and the cardiac dulness is diminished or absent. 
In horses the posterior border of the lung may cross the eighteenth rib in 
the line of the angle of the iliac bone, the sixteenth to eighteenth ribs 
in the line of the ischial tuberosity, and the twelfth to fourteenth ribs 
in the shoulder line, instead of the seventeenth, fifteenth and eleventh 
ribs under normal conditions (Fig. 135). Wester and Paltrinieri call 
attention to an increased displacement of the posterior border of the 
lung to the extent of half to one rib after trotting for 15 minutes. 

Auscultation of the lung reveals weak vesicular breathing, rales and 
rhonchi, the latter sometimes being heard only on deep inspiration. ‘These 
sounds become increased in the presence of bronchial catarrh. The 
cough is short and feeble in advanced cases. 

At this stage signs of broken wind become pronounced, together with 
more marked rise in temperature, which then falls to normal at the earliest 
in 2 hours. In a case observed by the author in a horse with severe 
emphysema after trotting and galloping, sounds of expiratory stenosis 
resembling the whistling sounds in laryngeal paralysis were heard. 

Other symptoms may be attenuation of the cardiac impulse and accen- 
tuation of the second pulmonary sound (in the centre of the left lower 
third of the thorax at the third intercostal space). Augsburger found the 
specific gravity, the concentration, the haemoglobin content, the number 
and volume of the red blood cells diminished proportionally to the degree of ~ 
dyspnoea, while van den Eckhout and Lahay regard an increase of erythro- 
cytes to approximately double their number as a sign of compensatory 
increase of the respiratory surface formed by them. | 

In cases of long duration the nutritional condition deteriorates and 
cardiac failure develops with dropsy, but a temporary decrease in cardiac 
functioning without oedema may also occur at an earlier stage after 
strenuous work, but this subsides with rest in a few days. 

Course. Owing to its slow and chronic development it may be months 
or years before the clinical picture of chronic emphysema is fully developed. 
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Holterbach observed signs of severe emphysema 40 days after spasmodic 
attacks of cough, and Wester a case which developed in 3 to 4 weeks. 
The varying duration of development depends essentially on the nature 
of the primary affection, the degree of respiratory disturbance, the con- 
ditions of housing and working of the animals, and complication by 
bronchial catarrh. Consequently the disease makes rapid progress in 


Time 


Fic. 136.—PNeuMoGRAM oF A Horse witH PULMONARY EMPHYSEMA. 


a, Before atropine injection (pronounced dyspnoea with duplicated expiration); 6, 15 minutes 
after injection of 0-05 gramme atropine (disappearance of dyspnoea); ¢c, 14 hours after the 
injection; d, 17 hours after the injection (recurrent and increased dyspnoea). 


horses which on account of their loss of working capacity become the 
property of poor owners, who put them to heavy work and feed them 
sparingly. On the other hand, emphysema develops very slowly in well- 
cared-for animals (with the exception of sporting dogs). 

Variations in the course of the disease are observed in connection with 
complicating bonchial catarrh and cardiac asthenia. Every acute 
exacerbation of bronchial catarrh or temporary attack of cardiac asthenia 
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caused by over-strain leads to a rapid aggravation of the dyspnoea, and 
at the same time to increased displacement of the posterior border of 
the lungs, sometimes as far as the insertion of the diaphragm, and to 
increased resonance on percussion due to the supervention of acute, 
or more rarely interstitial, emphysema. Under favourable conditions 
this exacerbation may subside in a few days and the lung may recede 
to its former position. ‘This explains the considerable improvement often 
observed, even in severe cases, after prolonged rest in the stable and during 
pasturing. On the other hand, according to Wester, asthmatic attacks 
may occur without any definite cause (probably spasm of the bronchial 
muscles). 

Chronic emphysema is incurable because the dilatation of the lung, 
when once established, is further aggravated by the continuance of the 
respiratory disturbances and other secondary symptoms. 

Diagnosis. ‘This is not definite till an advanced stage, when there 
are signs of expansion of the lungs, increased air content and decrease 
in elasticity. In the developmental stage the change in percussion 
resonance and displacement of the border of the lung are not yet evident, 
although the presence of dyspnoea in an animal at rest and its undue 
increase after exercise point to the probability of commencing chronic 
emphysema, when the physical signs in the thorax are otherwise normal 
and other affections of the lung can be excluded. 

Temporary relief of dyspnea for fraudulent purposes in pulmonary emphysema is sometimes effected 
by dishonest horse dealers by the administration of the leaves, roots or seeds of herbs 
containing atropine (Altropa belladonna, Hyoscyamus niger, Datura stramonium). According to the 
experiments of Raitsits at the Budapest clinic, these plants diminish the frequency of respiration 
and also abolish the duplication and depth of respiration, so that even in advanced cases this may 
appear quite normal. ‘The effect of the drug commences in a quarter of an hour and continues 
on an average for 24 hours, but the dyspnoea afterwards becomes more pronounced. During the 
first few hours dilatation and fixation of the pupils occur (causing visual disturbance), the pulse 
is accelerated and the. labial mucosa becomes dry (attempts are made to conceal this by oily 
applications). ‘The subcutaneous injection of atropine (0-03 to 0:05 gramme) has the same effect, 
but this is produced in a few minutes and lasts only 1 to 3 hours (Fig. 136). The favourable 
effect of atropine on the dyspnoéa is due firstly to diminution of the bronchial secretion, and 
secondly to relaxation of the bronchial muscles, whereby air entry is promoted. ‘The administra- 
tion of these drugs by lay persons frequently leads to atropine poisoning, sometimes ending fatally, 
and manifested by gastric and intestinal meteorism which may cause rupture. (In France the 
fraudulent treatment of emphysematous horses is known as “‘ whitewashing.’’) 

Acute emphysema is characterised by its rapid development in the 
course of an acute bronchial or pulmonary affection, or after over- 
exertion and prolonged rail transport, and by the subsidence of the 
symptoms during rest or improvement of the primary disease. It must 
be remembered, however, that in the course of chronic emphysema 
there may be marked variations in the volume of the lung. Interstitial 
emphysema develops rapidly with severe dyspnoea, and is often associated 
with subcutaneous emphysema. Pneumothorax can be excluded by 
its sudden appearance, metallic percussion resonance and respiratory 
sounds. Secondary bilateral emphysema occurring in focal diseases of 
both lungs—tuberculosis, carcinomatosis, and sarcomatosis—can be dis- 
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tinguished from true emphysema only by the detection of the focal 
disease. 

Prognosis. As the further development of the pathological changes 
cannot be arrested, the prognosis is always unfavourable as regards re- 
covery. However, under good hygienic conditions the animals may 
be fit for light work for years. The degree of reduction of working 
capacity is best tested during actual work. 

Every complication influences the prognosis unfavourably. This is 
especially the case with bronchial catarrh, which is a frequent complica- 
tion, and cardiac asthenia. 

Treatment. In the absence of any specific remedy it is possible 
to preserve the working capacity of the animals only by good feeding 
and regulating their work. Complications, such as bronchial catarrh, 
must be treated as they arise. 

As regards medicinal treatment, Uhland obtained only temporary 
improvement with subcutaneous injections of atropine (5 to 10 c.c. of 
a o-r per cent. solution daily), Caillé and Darraspen with daily doses of 
pulv. fol. belladonne (25 to 40 grammes) in increasing doses for 1 to 7 
weeks. Wester obtained encouraging results with chloride of calcium in 
daily doses of 20 grammes. Much has been claimed for fibrolysin (or 
I gramme of thiosinamine in 10 c.c. of a 5 per cent. solution of sodium 
salicylate), producing rapid improvement and even recovery when 
administered two or four times at intervals of 2 to 3 weeks for 6 months. 
During this period the animal is put to light work only, or in severe cases 
kept off work for a time. As, however, no beneficial effect on the emphysema 
and dyspnoea was observed by Dornis, Caillé and others, the favourable 
results reported by other observers may have resulted from the influence 
of the thiosinamine on the concomitant bronchial catarrh, and particularly 
from the regulation of the general hygienic conditions. ‘The same ex- 
planation may apply to the action of ‘‘ vergotinine ”’ (veratrin 3 grammes, 
strychnine sulphate 2 grammes, ergotinine 0-1 gramme [this alkaloid has 
since been proved to be inert], glycerin 150 grammes) given in tea- 
spoonful doses, and also to other preparations containing strychnine 
and veratrin. Forssell and other Swedish veterinarians reported good 


results, sometimes in apparently incurable cases, by the production 


of artificial pneumothorax by injection of 2 to 4 litres of sterilised air 
into the pleural cavity, repeated if necessary two or three times at intervals 
of about 3 weeks. In the administration of physostigmine, apecoline 
or chloride of barium to emphysematous horses caution is necessary, as 
they may aggravate the dyspnoea and even lead to fatal asphyxia by 
their contractile effect on the bronchial muscles. 
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4. Interstitial Pulmonary Emphysema (Emphysema 
Pulmonum Interstitiale) 3 


Interstitial emphysema arises from the accumulation of atmospheric 
air in the inter- and intralobular connective tissue after breaches of con- 
tinuity in the bronchial or alveolar walls. 

AAtiology. Sudden increase in intrapulmonary pressure may cause 
rupture of the alveolar walls during spasmodic attacks of coughing in the 
course of acute bronchial catarrh or bronchial croup, in lung-worm in- 
festation, or after penetration of foreign bodies into the air passages. Sharp 
foreign bodies and lung worms may also cause escape of air into the lung 
tissue by injury to the bronchial or alveolar walls. Further causes are 
excessive abdominal pressure in drawing heavy loads, in parturition, 
or in vomiting, and as the result of other physical efforts. The same 
effect may be produced by continued bellowing, forced expiration in 
rapid running, during the excitement of rail transport or in kicking, by 
violent blows on the chest and by severe dyspnoea from any cause. Under 
these conditions laceration of tissue may occur in a healthy lung, and much 
more easily in one in which the resistance of the tissue is reduced by 
various diseases, including chronic alveolar emphysema. Cattle are 
especially liable to interstitial emphysema owing to the structure and 
slight degree of expansibility of their lungs. 


An enzootic form of interstitial emphysema is observed in cattle in certain regions of Holland 
and Belgium, and is also known as asthma, subacute pulmonary emphysema, and pneumatosis 
bovum. This affection is probably due to prevailing catarrh in these regions, aggravated by 
the dense fog which occurs at certain times of year and causes laboured breathing and coughing 
by the irritant matter suspended in it. The presence of fever and rdles in this affection points 
to an inflammatory origin, as in cases observed in Italy by Busingot. Knese observed an enzootic 
of this affection concurrently with broncho-pneumonia in a herd of cattle pasturing on new grass. 
Symptoms of cold were absent and no further cases occurred after the animals had been trans- 
ferred to older pastures. Rubay observed a similar affection in Belgium in 1930, which caused 
many deaths both in man and cattle and occurred in foggy weather. The symptoms were 
those of pulmonary emphysema and were probably caused by the inhalation of sulphur dioxide 
present in the air, which gave rise to spasmodic contraction of the bronchial, musculature. (In 
man, adrenaline treatment was found successful, its action being to stimulate the sympathetic, 
thus relaxing the bronchial muscle.) 

Interstitial emphysema is also the most prominent lesion in the ‘‘ hunting sickness ”’ of horses 
(crotalariosis) seen in South Africa. ‘This affection is observed after feeding on the Crotalaria 
dura plant (at least 746 grammes). ‘The symptoms appear in 16 to 80, usually 50, days after 
the commencement of feeding and are due to toxic necrosis of the alveolar epithelium associated 
with increased respiratory movements and minute fissures in the alveolar walls. In a Jater stage 
there is a development of granulation tissue and a new formation of bronchioles. 


Pathogenesis. Through fissures in the walls of alveoli and bronchi 
air enters the interstitial tissue owing to the tendency of the lung to collapse. 
This process is accelerated at each inspiration by suction and at each 
expiration both by coughing and by the intra-alveolar air pressure. The 
escaped air is distributed throughout the tissue of the lung in the form 
of bubbles which continue to increase in size. Owing to the course 
of the respiratory movements the greater part of the air collects at the 
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hilus of the lung and then enters the mediastinum, and eventually reaches 
the subcutaneous tissue, from which it may extend over the whole 
body. 

The air accumulating in the interstitial tissue causes collapse of the 
adjacent alveoli and thereby reduces the respiratory surface, resulting in 
severe dyspnoea, as the elasticity of the lung in the collapsed portions 
becomes rapidly diminished. At the same time the laboured respiratory 
movements cause varying degrees of expansion of the alveoli in the un- 


Fic. 137.—DIsPLACEMENT OF THE PosTERIOR BORDER OF THE LUNG IN INTERSTITIAL 
PULMONARY EMPHYSEMA DUE TO PULMONARY ‘TUBERCULOSIS. 


The dotted line indicates the normal, the continuous line the displaced border of the lung, 
D, dulness due to tuberculous broncho-pneumonia; the figures indicate the corresponding 
ribs. 


collapsed parts, and consequently both forms of emphysema become 
involved in the respiratory disturbances. 

Pathological Anatomy. Air bubbles varying in size up to that of 
a walnut or even larger, and varying also in number, are found densely 
crowded in the tissue of the lung. Apart from an increase in volume the 
lung is unchanged, unless signs of a primary disease are present. In 
some cases air bubbles are found in the mediastinal and subperitoneal 
connective tissue, or in the subcutaneous tissue of the lower part of the 
neck, and occasionally of the trunk. 


‘* Hunting sickness”? of horses is characterised by pronounced enlargement of the lungs 
resulting from subpleural serous infiltration of a greenish-yellow colour. ‘The surface of the lung 
is uneven from the presence of air bubbles measuring 3 to 5 cm., especially in the anterior 
portion, and smaller air bubbles are often present in the mediastinal and peribronchial lymphatic 
glands. Large atelectatic foci containing desquamated epithelium, fibroplastic tissue and 
newly formed bronchioles are also found. 
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Symptoms. In some cases the animal is attacked with sudden 
dyspnoea, which increases so rapidly that in a few hours it may be threatened 
with asphyxia. In other cases the affection develops more slowly. The 
percussion note may be normal, but is more often hyper-resonant and is 
occasionally accompanied by tympanitic accessory sounds; in the presence 
of large subpleural air bubbles it is purely tympanitic in places. On 
auscultation, inspiratory and expiratory crepitations are often heard, 
and in cases with bronchial catarrh, rales and sibilant rhonchi, together 
with vesicular breathing. In cattle especially cutaneous emphysema 
sometimes develops later at the thoracic inlet, neck and shoulder region, 
and may spread over the whole body, causing swelling and disfigurement. 
It may also spread to the subperitoneal tissue, where it can be detected 
on rectal.examination. Concurrent acute alveolar emphysema is recog- 
nised by-backward displacement of the border of the lung (Fig. 137). 

This condition may lead to fatal asphyxia in 1 or 2 days, or it may 
subside completely and terminate in recovery. 


The enzootic interstitial emphysema of cattle (most common in pregnant cows) commences with 
a rise of temperature (41°5°), weak and rapid pulse, and constipation with or without meteorism. 
At the same time or shortly afterwards dyspnoea develops, and in severe cases attacks of asphyxia 
and catarrhal symptoms, followed by cutaneous emphysema. ‘The affection continues for a 
few days and may subside in a few hours; in other cases it causes sudden death. 

‘“‘ Hunting sickness” of horses usually commences suddenly with pronounced aé€celeration 
of respiration to 100 to 120 in the minute, but dyspnoea is less marked. Cough is usually 
present and the temperature may be intermittent, remittent or continuous. At a later stage 
bronchial breathing and rales are heard, the appetite is lost and the animal becomes stuporose. 
The duration is 6 to 29 days and recovery is unknown. 


Diagnosis. Rapidly increasing dyspnoea following any of the above- 
mentioned causes is suggestive of the disease, but a definite diagnosis is 
possible only on the occurrence of cutaneous emphysema in the region 
of the thoracic inlet without injury to the upper air passages or cesophagus, 
and the presence of crepitant and occasionally of metallic sounds during 
both respiratory phases as well as synchronously with the heart beat. In 
the early stage the affection may be mistaken for pulmonary hyperemia 
or cedema. Acute laryngeal oedema is distinguished by purely inspiratory 
dyspnoea with laryngeal stridor. 

Treatment. To prevent further escape of air, complete rest is neces- 
sary and alleviation of the cough by narcotics. Subcutaneous emphysema 
requires no special treatment beyond light massage to promote absorption ° 
of the air. Puncture is contra-indicated on account of the danger of 
infection. Hasenkamp, however, obtained a rapid recovery in a sheep 
with generalised cutaneous emphysema by small incisions in the previously 
sterilised skin. 
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5. Croupous Pneumonia (Pneumonia Crouposa) 


(Pneumonia fibrinosa ; Pneumonia lobarts) 


Croupous pneumonia is an acute febrile disease caused by different 
infective agents, often running a typical course, and characterised by 
filling of the alveoli of a large portion of the lung with an exudate rich in 
fibrin and blood reese 

AEtiology. The disease is always caused by an infective agent, although 
predisposing causes may play an important or even decisive part by 
enabling the infective agent to settle and multiply in the pulmonary 
tissues, without the co-operation of which the invading micro-organisms 
could not exert their inflammatory action. Such cases may give the 
impression that the predisposing cause is alone responsible for the inflam- 
matory process. 

-Croupous pneumonia may occur as a localised inflammatory condition 
of the lung in certain specific infective diseases (contagious pleuro-pneu- 
monia, pectoral form of pasteurellosis in cattle and swine, etc.), and 
is directly due to the action of the specific micro-organism. In such cases 
the disease is usually enzootic. . In other cases organisms morphologically 
and culturally identical with the specific organisms, but leading a 
saprophytic existence on the mucous membrane or entering the body 
from without, undergo proliferation in the lung when the resistance 
of the animal is from any cause reduced ; their virulence may become 
thereafter so much increased that they can infect healthy animals also 
in the absence of any predisposing causes.. Again, under the influence 
of favouring causes common micro-organisms (streptococci, diplococci, 
monococci, etc.) may also give rise to croupous pneumonia. 

Among predisposing causes must be mentioned exposure to cold 
(sometimes following inunctions in skin diseases), inhalation of irritant 
vapour, over-exertion of any kind, prolonged road, rail or ship transport, 
and also after tying up or casting for operation. Other causes are 
contusions of the thorax, confinement in insanitary stalls (stall pneumonia). 
Some of these causes reduce the resistance of the pulmonary tissue only, 
others that of the whole body by their unfavourable effect on the protec- 
tive mechanism or by causing various internal affections and nutritional 
disturbances. 

The importance of cold in the origin of pneumonia has been demonstrated by the experiments 
of Diirck, Aufrecht and others. ‘These observers found that partial or general chilling of the 
body surface gave rise to leucopenia and to the formation of small thrombi in the lungs due to 
the accumulation of leucocytes and fibrin deposit in the bloodvessels. By this means, and 
also by the change in colloidal state produced by the effect of cold on the cells, together with 
a reduction of density of the blood capillaries in the lungs and also in outlying organs (pharynx, 
larynx and trachea), effusions of blood occur into the tissues, which are largest in the lungs. 
In this way, and also by the circulatory disturbance, the resistance of the lung tissue is reduced 


and the effusions of blood form a favourable medium for the growth of micro-organisms. (Diirck 
found bacteria always present in the inflamed lung tissue after artificial chilling of the body.) 
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Further, the effect of chilling on the protective mechanism of the body reduces the resistance of 
the lung tissue. It also causes metabolic changes (hyperglycemia, increased lactic acid in the 
blood, decrease of glycogen in the liver, heart and muscles) and by its thermo-reflex action on 
the sympathetic nervous system gives rise to changes in the distribution of blood in the internal 
organs. In Ambrus’ experiments on guinea-pigs reflex vaso-constriction of the pulmonary veins 
was caused by chilling, resulting in congestion of the parenchyma of the lungs with sero-cellular 
infiltration of the adventitial tissue and filling of the aces with serum and erythrocytes, together 
with peri-arterial effusions of blood. 


According to these investigations and the results of bacteriological 
examination the existence of an etiologically specific croupous pneumonia 
sut generis has not been proved. ‘The frequently described distinctions 
between the so-called genuine and other forms of croupous pneu- 
monia are not infrequently due only to variations in virulence of the 
infecting micro-organism and in the resistance of the affected animal. 
This view is supported by the fact that pneumonia, at first described 
as genuine, later may assume an epizootic character with all the signs of 
specific pneumonia. Again, croupous pneumonia in man sometimes 
occurs sporadically under the influence of accessory causes, and some- 
times endemically, although the infecting organism is the same in both 
cases. 

As it is essential from the practical standpoint to avoid misunderstanding, the etiological 
distinction of a genuine pneumonia as a special disease should be avoided and the term 
** genuine’ or preferably “‘ primary croupous pneumonia” used solely for the description 
of a pneumonia developing independently of antecedent diseases, as in human medicine, in 
distinction to “‘ secondary pneumonia ”’ following diseases which reduce the bodily resistance. 


In the case of a specific origin of the inflammatory process the general term “‘ specific croupous 
pneumonia ’”’ is convenient and the term “‘ common croupous pneumonia ”’ for other forms of 


pneumonia. 


In horses, croupous pneumonia often occurs primarily in the form of 
infectious pleuro-pneumonia (see Vol. I.). Several observers maintain 
the existence of a true croupous pneumonia, while others regard all forms 
of croupous pneumonia in horses as contagious pleuro-pneumonia. 
According to the previous statements, an etiologically true croupous 
pneumonia cannot be distinguished from infectious pleuro-pneumonia, 
even in the absence of evidence of external introduction and of contagion. 
In this connection the observation that in recent years cases of true 
croupous pneumonia have disappeared coincidently with the suppression 
of infectious pleuro-pneumonia is not without significance. 

Not infrequently croupous pneumonia follows external influences, 
which act as secondary causes and usually also lead to the development 
of contagious pleuro-pneumonia by lowering the bodily resistance or 
that of the lung tissue against the less virulent micro-organisms of the 
latter affection. On the other hand, under such influences pneumonia 
may develop from infection with other specific or with common infective 
organisms, when it usually runs an atypical and unfavourable course. 
Secondary croupous pneumonia sometimes develops in connection with 
horse distemper, strangles and pharyngitis, hemorrhagic septicemia, 
purpura hemorrhagica, and in association with gastro-intestinal catarrh 


oe 
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or enteritis, prolonged colic and exhaustion resulting from malnutrition. 
These forms of pneumonia are also often atypical. 

In cattle, croupous pneumonia occurring in hemorrhagic septicaemia 
is distinguished from pleuro-pneumonia by the presence of Pasteurella 
boviseptica (see Vol. I.). It may also occur in aspiration pneumonia. 

In swine, croupous pneumonia occurs in swine pasteurellosis (see Vol. I.), 
and occasionally in aspiration pneumonia, after the entrance of bacteria, 
with the characters of Pasteurella suiseptica, usually inhabiting the pharyn- 
geal, buccal or nasal cavities. These bacteria may be ingested with food 
or inhaled with foreign bodies. According to Passerini and Wyssmann, 
fibrinous pleuro-pneumonia sometimes occurs in anthrax and may con- 
stitute the only localisation of this disease. 

In sheep, epizootic croupous pneumonia occurs in infection by the 
Bac. ovisepticus (see Vol. I.), and also fibrinous pleuro-pneumonia in the 
course of diplococcus infection, especially in ewes and sucking lambs 
during the lambing period. ‘The Dzplococcus ovis causing this infection is 
a Gram-positive, non-motile, hemolytic coccus forming chains in media 
containing blood. It is saprophytic in healthy sheep, but develops 
pathogenic properties under conditions favourable to its growth (parturi- 
tion, shearing, and according to the author’s observations, in treatment 
by tetrachloride of carbon), when later it may become infective for other 
animals in the absence of any accessory causes.. In Iceland an enzootic 
form of pneumonia has been observed in sheep of all ages, but chiefly in 
ewes, in which a Gram-negative bacillus was found closely resembling 
Pasteurella (Dungal, Olafson). [A similar disease has been observed in 
Eastern England, in North Wales and in Scotland.—Eb. | 

In goats, pasteurellosis of the lung is also observed, and also a form of 
infective pleuro-pneumonia of unknown origin (see Vol. I.). 

Dogs, according to older reports, were said to be often affected with 
croupous pneumonia. It was probably, however, generally confused 
with distemper broncho-pneumonia, which often affects entire lobes. 
Recent observations on croupous pneumonia in carnivora are very scanty, 
and the few cases reported were based on clinical symptoms, or they were 
cases of distemper complicated by broncho-pneumonia with fibrinous 
exudate. 


Lamar and Meltzer and others produced typical croupous pneumonia in dogs by injecting 
pure cultures of the Diplococcus pneumonie into the bronchi. In fatal cases this clinically resembled 
human pneumonia, but in non-fatal cases the course of the disease was atypical, the typical fall 
of temperature occurring as early as 36 to 48 hours, while the pneumonic process continued 
to progress. 


Cats, according to Frohner and Zwick, are often affected with croupous 
pneumonia, but whether this disease was identical with that described 
by Gartner and later by Rapport in another region of Germany, and also 
by Boucek in Bohemia, is not definitely known. According to GArtner, 
the causal bacterium in his cases was the Bac. pneumonie felts (Pasteurella 
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feliseptica), which gave rise to necrotic inflammation affecting chiefly 
the posterior lobes of the lung, and sometimes to fibrinous hemorrhagic 
pleuritis. The Bac. pneumonia tigris found by Marx in a tiger affected 
with hemorrhagic pneumonia was probably identical with the Pasteurella 
feliseptica. Anatomically typical croupous pneumonia is found in car- 
nivora affected with glanders. 

In rabbits, croupous. pneumonia may follow contagious rhinitis or may 
represent a pulmonary localisation of this disease. An enzootic form of 
pleuro-pneumonia caused by a variety of Pasteurella cuniculiseptica was 
described by Selter. 

In guinea-pigs, three forms of infective pneumonia may occur: one, 
described by Stade and Trama, due to the Sac. pneumonie caviarum; 
another, described by Martin, caused by the Bac. pulmonum caviarum gluti- 
nosus; and the third which, according to Weber, is caused by a characteristic 
Diplococcus. ‘The anatomical changes are similar in all three forms. 
According to Mein, young rabbits also may be infected with the Bac. 
pneumonté caviarum. 

In fowls, croupous pneumonia develops in protracted cases of fowl 
cholera, and according to Eber is in chickens often found in association with 
helminthiasis. Jowett observed an enzootic form of pneumo-pericarditis 
due to Pasteurella aviseptica. 

Pathogenesis. The bronchi are the usual ports of entry for the 
pathogenic organisms; these may be normal inhabitants of the larger 
bronchi, and are aspirated with particles of food and water into the smaller 
bronchi and alveoli. On the other hand, hematogenous infection may 
also take place from absorption of bacteria from the intestine or the 
pharynx. ‘This mode of infection accounts for the digestive disturbances 
sometimes observed preceding the pneumonia, and has been proved by 
the experimental production of lobar, croupous pneumonia by subcu- 
taneous injection of the pathogenic organisms. In some cases infection 
appears to be conveyed through the lymphatic system by way of the 
naso-pharyngeal lymphatic ring, the bronchial lymphatic glands and the 
hilus of the lung. In the lung tissue the infective organisms spread partly 
by direct extension along the bronchial mucosa or by aspiration into 
the alveoli, but chiefly by way of the peribronchial, perivascular and septal 
lymphatics, after penetrating the wall of the bronchi. Bacteria carried 
by the blood or lymphatics partly enter the alveoli and smaller bronchi 
from the lymphatic capillaries, and partly invade the lymph spaces of 
the interstitial tissue, where they become distributed, as in infections from 
the bronchial route. ‘The usual multiplication of the pathogenic organisms 
in the ventral and cranial portions of the lungs in animals and in the caudal 
portions in man appears to show that dissemination takes place chiefly 
through gravity along the bronchial lumen, although it may also depend 
on the mechanism of respiration and on the flow of lymph. 

The pneumonic process commences with a marked hyperemia, first 
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in the interstitial tissue and soon afterwards in the parenchyma. This 
is followed by the escape of a fluid exudate, rich in albumin and blood 
cells, into the alveoli and adjacent bronchioles, displacing their air, while 
the original inflammatory process in the interstitial tissue subsides. At 
the same time the alveolar epithelium becomes swollen and then partly 
enclosed in a dense fibrinous meshwork formed by the coagulated exuda- 
tion (red hepatisation). As the hyperemia gradually diminishes during 
the following days there is an increasing immigration of polynuclear 
leucocytes (grey hepatisation), which, owing to their high ferment content, 
cause gradual autolysis of the fibrin and the albuminous and cellular 
constituents of the exudate. ‘This is followed by fatty degeneration 
(yellow hepatisation), and eventually by liquefaction of the exudate 
(dissolution). ‘The leucocytes also ingest the red blood cells, which disin- 
tegrate immediately after their exit, and other formed elements, including 
some of the causal bacteria, and carry them into the circulation, where 
they are .mostly dissolved. ‘The liquefied exudate containing various 
products of protein cleavage is thus for the greater part absorbed in the 
circulation, and only a small part is removed in the sputum. 

The pathogenic organisms are partially dissolved by the normal 
lysins of the leucocytes and body fluids, during which process their endo- 
toxins are liberated and cause inflammatory changes in the lung. ‘This 
battle of the animal organism begins with the multiplication of the causal 
bacteria and continues till the whole of the latter are dissolved by the 
specific lysins (antibodies), these being produced in the pulmonary tissue 
itself and in other parts of the body. According to the resistance of the 
causal bacteria to the congenital or acquired (under the influence of 
previous infection) lysin content of the body on the one hand, and the 
reaction of the hematogenous organs and reticulo-endothelial system 
on the other hand, complete bacteriolysis of the causal bacteria takes place - 
in the first few days, or not till after several days; or it may not occur at 
all, as in cases where the bacteria are protected from the action of the 
specific lysins by the presence of foreign substances, necrotic tissue, etc. 
These conditions explain why some cases of pneumonia caused by very 
virulent bacteria do not, or only rarely, terminate in resolution, and 
also why the same is often observed in the presence of foreign bodies or 
necrotic foci and also in emaciated animals. 

After bacteriolysis of the causal bacteria in the foci of disease, and 
partly also in the blood, the liberated endotoxins, together with the 
products of protein cleavage, enter the general circulation and give rise 
to fever, which according to the duration of dissolution may terminate 
by crisis or lysis. The destruction of accidentally escaping bacteria takes 
place by a further transport of lysins, and gives rise to a renewed rise 
of temperature. A permanent fall of temperature may, however, take 
place without complete dissolution of the causal bacteria when absorption 
in the inflammatory foci ceases. 
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Primary bacteria or secondary micro-organisms which escape destruc- 
tion, especially in the stage of solution, may be carried by the blood to 
other organs and set up inflammatory processes, as may also their toxins. 
The frequent involvement of the pleura is due partly to the conveyance 
of the bacteria or their toxic products by the lymphatic stream to its 
surface, and partly to direct extension of the inflammatory process. Also 
the production of bacteriemia by rapid transmission of bacteria in the 
blood may in some cases produce true septicemia, with a permanent 
proliferation of the primary bacteria or secondary organisms in the blood. 

The products of protein decomposition and the endotoxins of the dis- 
solved bacteria cause injury to the parenchymatous organs, especially 
the kidneys, by which these substances are excreted, and also the cardiac 
muscle. ‘The vasomotor mechanism is also injured, partly by the direct 
action of the products of decomposition, and partly by the continually 
increasing claims made upon it, especially when dissolution commences and 
large amounts of decomposition products enter the circulation. On the 
other hand, the direct influence on the circulation becomes marked only 
by diminution of the surface for gaseous exchange when extensive areas of 
lung tissue become airless, and, therefore, the stimulating influence of the 
respiratory movements on the pulmonary circulation is considerably 
reduced and the circulation in the region of the inflammatory foci is 
slackened. 

Pathological Anatomy. The anatomical changes are found in 
an extensive area of one or both lungs, usually in the lower and anterior 
portions, rarely in the caudal lobes or the hilus, and still more rarely in 
the upper portions. In the hyperemic stage the affected part of the lung 
is reddish-brown, less elastic, and often permeated with hemorrhagic 
foci of various sizes. In the stage of hepatisation the inflammatory area 
is enlarged, of the density of liver, and sinks in water. On section 
the surface is usually dry and finely granular and at first of a reddish- 
brown colour (red hepatisation), but in the following days becomes 
reddish-grey and later of a pale grey colour (grey hepatisation). Fatty 
degeneration of the exudate produces a yellowish colour (yellow hepatisa- 
tion). Owing to the different rate of development of the process in in- 
dividual parts of the tissue this assumes a granite-like appearance due 
to the association of areas of red, grey and yellow hepatisation. This 
mottled appearance becomes more clearly marked when the interstitial 
tissue is affected with gelatinous infiltration. After liquefaction of the 
exudate (stage of resolution) a reddish, viscid fluid containing small air 
bubbles and fat droplets can be scraped from the cut surface, and at the 
same time the lung becomes softer. Microscopically the alveoli at first 
appear to be filled with a network of fibrin containing leucocytes and 
numerous erythrocytes, during resolution by detritus and fat granules, 
and the interalveolar tissue shows small-cell infiltration. In some fatal 
cases abscesses or necrotic foci are found. The bronchi present catarrhal 
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changes and usually contain muco-purulent masses, and the smaller 
bronchi fibrinous plugs or membranes. ‘The pleura in the region of the 


_pneumonic areas is dull, rough, and sometimes studded with small 


hemorrhages, or is sometimes fibrinous or sero-fibrinous when pleuritis 
is present. ‘The bronchial lymphatic glands are acutely swollen. 
Secondary changes include cloudy swelling or fatty degeneration 
of the parenchymatous organs, especially of the cardiac muscle and the 
kidneys. (In a horse which died on the thirty-first day of the disease 
gangrenous foci the size of an apple were found. Some of these appeared to 
be enclosed in a soft reddish capsule 2 to 3 mm. thick, others appeared 


Fic. 138.—Convex BounDARY oF AREA OF DULNEss IN CRouPoUS PNEUMONIA. 


to be enclosed in a grey connective tissue capsule 1 to 2 mm. thick, while 
the surrounding airless lung tissue was reddish-grey and adherent to the 
pleura by thick, greyish-white masses of connective tissue 3 mm. in thick- 
ness. ) 

Symptoms. The incubation period in croupous pneumonia is 
similar to that of infectious pneumonia, but may be shortened to a variable 
degree by secondary causes. Primary cases of pneumonia develop 
within a few days after exposure to the causal influences. In a case 
observed by one of the authors in a very spirited horse, which had become 
overheated after an hour’s experimental drive, slight febrile symptoms 
developed in an hour; in 3 hours the temperature rose to 40°1° C., and 
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17 hours after the onset of the fever tympanitic resonance was manifest over 
an area extending to the shoulder line and posteriorly to the eighth rib; 
later pneumonia developed with typical symptoms, but ran a favourable | 
course. In secondary pneumonia no incubation period can be distin- 
guished, as the condition may develop at any time in the course of the 
primary affection. 

In its typical forms the disease eee with inappetance and a sudden 
rise of temperature. The animals stand with half-closed eyes and sunken 
head and withdraw from the manger. Small animals often le down in 
some secluded place. Cough with accelerated breathing is often present. 
The temperature rises in 12 hours to 40° to 41° C. or over. In animals 


Fic. 139.—CRroupous PNEUMONIA WITH ATYPICAL LOGATION. 


Area of dulness over posterior and upper portions of lung; 8, area of high, c, of low tympanitic 
resonance. 


already febrile from other causes the onset of pneumonia is indicated by a 
sudden deterioration of the general condition and a further rise of tempera- 
ture. The mucous membranes are injected and are often icteric; in con- 
tagious pleuro-pneumonia they are generally lemon or quince coloured. 
In 12 to 48 hours, sometimes not till after 3 to 4 days, changes in the 
percussion resonance and respiratory sounds appear. At first the per- 
cussion note is somewhat dull and usually changes to complete dulness 
in 2 to 3 days. Sometimes, however, the resonance is at first purely 
tympanitic, but later is completely lost, only dulness being elicited. The 
change in resonance is usually first noticed in the region behind the 
elbow and extends backwards to the middle or upper third of the thorax, 
and is usually demarcated by a convex line (Fig. 138). In cattle the 


times also with sonorous rales. 
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change in resonance can also be detected in the prescapular region by 


drawing back the foreleg. ‘The*dulness continues unchanged for 3 to 5 


days, when resonance again becomes tympanitic and eventually normal. 
More rarely dulness changes directly to normal resonance. 

Deviations from these changes in resonance often occur. For instance, 
in deep-seated affection of the lung resonance may remain unchanged 
or persist for some time until the pneumonic process extends to the surface. 
Again, in other cases resonance above the upper limit of dulness remains 
tympanitic for several days or throughout the disease. Occasionally 
the changes in resonance are limited to the posterior or upper boundary 
of the lung (Fig. 139). 

The respiratory sounds alter according to the stage of the disease. 
In the early or hyperemic stage 
with swelling of the bronchial (FFIRTSTSTFTSTeT 1 lo ela ee Te 
mucosa there is rough vesicular ; 4 
breathing with crepitations. In 
the majority of cases (about 75 
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These soon pass away in the : 
stage of hepatisation, but in the e482 
resolution phase they always psdx 

reappear, together with other | 
forms of rales and with vesicular 
breathing. In extensive areas of 
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because the plugging of the 
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: : Marked increase of pulse and respiration rate at 

racic wall. However, in such approach of resolution. 


cases bronchial breathing is also 

usually heard at the boundary of the area of dulness or above it, when 
hepatisation affects only the deeper parts of the lung and bronchial breath- 
ing is transmitted through the overlying air-containing tissue or is heard 
together with vesicular breathing in the superficial parts of the lung. 

Of equal significance to bronchial breathing is increased broncho- 
phony, which is especially audible on groaning and coughing, and can 
be produced artificially by compression of the arytenoid cartilages. 
Another diagnostic sign is the audibility of the tracheal percussion 
resonance on the thorax; an assistant percusses the pleximeter firmly 
held about the middle of the lower border of the neck and the 
examiner auscultates the thorax. In the region of pneumonic areas the 
tracheal sound is short and sharp and appears as if produced immediately 
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under the ear, while under normal conditions it is indistinct and remote. 
This change in tracheal resonance is absent in cases in which the conditions 
necessary to produce bronchial breathing are unfavourable. 

In a minority of cases a rusty brown or saffron yellow nasal discharge 
is observed, which nearly always occurs only at the commencement of 
hepatisation and usually lasts 1 or 2 days, rarely till the advent of resolu- 
tion. This is due to the formation of hematin from the hemoglobin of 
the blood cells in the pneumonic areas. When occurring in the later 
course of the disease, this kind of nasal discharge is usually due to froth 
infiltration. This is an important symptom, as in central pneumonia it 
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Gradual increase of pulse and respiration rate on approach 
of resolution. 
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may be the only distinct- 


| - ive sign present. 


Respiration is often 
somewhat accelerated 
and laboured (Nieder 
observed in a _ horse 
Cheyne-Stokes breathing 
lasting 2 days). A weak, 
painful and intermittent 
cough is present from the 
first. 

Thetemperature curve 
is usually characteristic. 
On~ the. first day the 
temperature rises to 39°5° 
to 4.1-0° G.,and with slight 


remissions continues at 


that level (febris continua, 
Fig. 140) till the approach 
of resolution, usually at 
the end of the first week, 
but sometimes later or 


occasionally earlier, and in } to 14 days after moderate sweating falls to 
normal by crisis (Fig. 140), or with morning remissions and evening rises it 


becomes normal in 2 to 5 days by lysis (Fig. 141). 


Occasionally a tempera- 


ture already fallen to normal or rapidly falling may rise again for 2 days 
before crisis (perturbatio critica). In other exceptional cases it falls 
below 36° C. at the crisis, and in other cases may be intermittent. 

The pulse rate does not correspond to the temperature curve. In 
the early stage it is only moderately accelerated (in the horse up to 50 
per minute), but at the approach of resolution it is increased in frequency 
and weaker, so that the temperature curve and the pulse rate are approx- 
imately convergent (Figs. 140, 141). At the end of resolution it becomes 
normal, but the cardiac action may remain intermittent for weeks or 


months. 
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The general symptoms vary considerably. In mild cases the appetite 
is little if at all affected, but in severe cases and in highly sensitive or young 
animals it is completely suppressed and associated with lassitude or torpor. 
Horses and cattle stand erect during the whole course of the disease, but 
ponies and small animals, and those with unilateral pneumonia, lie on the 
affected side. | 

The urine in the stage of hepatisation is diminished in quantity and 
its specific gravity consequently increased, while after resolution there is 
a marked increase in the excretion of urine of low specific gravity (below 
1010) for 1 to 3 days. A point of diagnostic and prognostic importance 
is the diminution of the chloride content of the urine at the time of 
hepatisation, which results partly from reduced nourishment, but chiefly 
from decomposition of protoplasma protein and its transformation into 
circulating protein, whereby a part of the sodium chloride present is 


absorbed in the blood plasma. On the other hand, the excretion of nitrates 


and phosphates is increased, especially on the approach of resolution 
and also during absorption of the exudate (increased catabolism of 
nitrogenous and nucleinic compounds in metabolism and in the exudate). 

In horses hypoleucocytosis with lymphocytosis has been observed in 
the blood, which shortly before the fall of temperature is followed by 
neutrophil hyperleucocytosis and an increase of the originally reduced 
number of acidophil leucocytes. The erythrocyte count and the hemo- 
globin content are often reduced, but these values may be influenced by 
the ingestion of food and water to such an extent that after a few days’ de- 
privation of water the increased density of the blood causes an apparent 
increase of erythrocytes. 

Atypical forms of croupous pneumonia are not infrequent, and are 
even common. ‘They are manifested in the short duration of their course 
with a fall of temperature on the second or third day (Fig. 142), and 
on physical examination a rapid change from dulness to hyper-resonance 
and disappearance of rales and indefinite respiratory sounds (pneumonia 
abortiva). The duration may even be reduced to 1 day (pneumonia 
ephemera), with 1-day fever and mild and transient local symptoms. 
This form is seen in horses which have recovered from a previous attack. 
In another atypical form, which is fairly common, there is a gradual or 
intermittent extension of the pneumonic process from the lower to the 
upper and posterior parts of the lung or to the opposite lung (pneumonia 
progrediens s. migrans). This may continue for weeks, with a fresh rise 
of temperature at each involvement of another part of the lung (pneumonia 
prolongata s. protracta). This form must be distinguished from relapses 
in which resolution is followed by a fresh rise of temperature with recur- 
rence of the original signs on pércussion and auscultation (pneumonia 
recidivans). 

Another deviation from type consists in an abnormal localisation of 
the inflammation in the deeper parts of the lung near the hilus (pneumonia 
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centralis). ‘This variety of the disease can be recognised only by the typical 
course of the fever, the presence of a saffron yellow nasal discharge, or by 
radiographic examination (which is sometimes successful even in large 
animals). Equally atypical is localisation of the process in the part of 
the lung situated near the vertebral column or in its upper posterior 
portion (Fig. 139). | 

The clinical picture also varies according to the age and general condi- 
tion of the animal. In older and debilitated animals the temperature 
is often lower, but the general symptoms are more severe and include 
marked depression, loss of appetite and feeble pulse (pneumonia asthenica 
s. adynamica). In very young animals the symptoms are also severe, 
but the temperature is high. Secondary pneumonia often tends to become 
asthenic in type and may lead to necrosis or persist for a long period. 
Pneumonia resulting from external influ- 
ences shows a great tendency to pursue a 
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frequent, or respiratory sounds may be 
entirely absent. ‘The disease lasts for 1 to 3 
Fic. 142.—TEMPERATURE CHART IN : ; . 
Crourous. PNEUMONIA OF Suopr. WCCKS tll the onset. of resolution: in favour- 
DuraTION IN A Horse. able cases, but is often fatal or becomes 
chronic. 

In sheep, diplococcal pneumonia is accompanied by serous or purulent 
conjunctivitis and rhinitis, and cedema of the skin around the nares; 
also with swelling of the vulva and a chocolate-coloured vaginal discharge. 
In some cases, both in adult sheep and in lambs, there is only lassitude . 
or torpor and occasionally diarrhoea. The morbidity is low, but the 
mortality high. 

In goats, infectious pleuro-pneumonia is also accompanied by a con- 
junctival and nasal discharge. The temperature rises to a high level, 
but there is little disturbance of general health and the appetite remains 
fairly good. Cough is constant and painful, and percussion and ausculta- 
tion show that both lungs are affected with pleuro-pneumonia. ‘The 
disease is usually fatal in 4 to 6 days, in peracute cases sometimes within 
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-24 hours. 
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In mild cases, however, with a lower temperature and less 
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severe cough, recovery may take place in a few days. 

In cats, pneumonia is manifested by symptoms of contagious nasal 
catarrh (q.v.), cough and high temperature (39°5° to 41°6° C.), a dejected 
and morose and later apathetic aspect and local thoracic symptoms. 
The disease is usually fatal in 3 to 6 days, but recovery may occasionally 


take place after 6 or more weeks. 


In guinea-pigs, the animals crouch in a corner of their enclosure, show 


marked general malaise and complete loss of appetite. 


The coat becomes 


rough and shaggy, the mucous membranes are cyanotic, and there is 


usually a profuse nasal discharge. 


Rales and crepitations are heard in 


the lungs and the respiration is rapid and laboured. .The majority of 


cases die in 3 to 4 days. 

In birds, pneumonia is mani- 
fested by lassitude, loss of appetite, 
rapid and whistling respiration 
through the open beak, tender- 
_ mess and raised temperature of 
the breast, and cough with ex- 
pectoration of viscid, grey or 
yellow and sometimes blood- 
stained masses of secretion. | 

Complications often give 
rise to deviation in the course of 
the disease.. Cardiac asthenia 
_ produces pounding heart beat, 
small and thready accelerated 
pulse, prostration, cyanosis, 
venous congestion, and circu- 
latory disturbances may precipi- 
tate general vascular atony. 

A dangerous complication 
is suppuration or gangrene in 
the inflammatory foci, which 
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Fic. 143.—TEMPERATURE CHART IN CROUPOUS 
PNEUMONIA WITH FIBRINOUS PLEURITIS IN A 
Horse: InrrrAL ACCELERATION OF PULSE. 


may take place at the commencement of the third stage of the disease 


or earlier. 


This condition has also been observed in lions and tigers; 


it is generally manifested by a recurrence of fever accompanied by 
rigors and by physical signs of cavern formation in certain areas of the 
lung, also a foetid odour in the breath. Even in these cases improve- 
ment may occasionally occur after rupture of the abscess into a bronchus 
and filling of the cavity by cicatricial tissue. 

A comparatively frequent complication is fibrinous pleuritis, mani- 
fested by tenderness to pressure over the thorax, accelerated pulse (Fig. 
143), pleuritic friction, persistent high temperature, and rapid pulse. 


This condition may be followed by pleural effusion. 


A rarer complication 
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is pneumothorax, in which metallic and splashing sounds are heard’ 
over a wide area, accompanied by severe dyspnoea. Pericarditis is rare, 
and still rarer acute endocarditis. 

In horses, icterus 1s comparatively common and may abe caused by 
gastro- ieaeeea catarrh, involvement of the gall-bladder, or increased 
destruction of blood cells, especially after severe or septic infection. 
A moderate degree of albuminuria (up to 0-2 per cent.) 1s often observed 
at the approach of resolution, more rarely from the first. This usually 
subsides with the fall of temperature even when associated with des- 
quamation of the renal epithelium and excretion of leucocytes. True 
nephritis, with high albuminuria and the presence of renal casts and 
epithelium, and sometimes disintegrating red blood cells in the urine, 
is rare. 

In some cases urticarial or acneiform eruptions appear for a few days, 
and Frohner observed a pustular eruption on all four extremities. Other 
complications include tenosynovitis (Schneider observed this in 4:26 
per cent. of cases of infectious pleuro-pneumonia in horses), usually 
affecting the distal tendon sheaths of the flexors of the forelegs and con- 
taining exudation free from bacteria. Arthritis of the joints of the extremi- 
ties is rarer.. In horses founder, iritis, acute meningitis and encephalitis 
have been observed, and in some cases purpura hemorrhagica. 

Course. Croupous pneumonia often takes a typical course in which 
hyperemia, hepatisation and resolution follow one another regularly, 
each stage being manifested by special symptoms. In horses the inflam- 
mation usually reaches its acme about the end of the first week, after 
which the symptoms subside either suddenly, sometimes within 24 hours, 
or gradually, so that the disease does not continue for more than 2 weeks 
and usually terminates in complete recovery. The deviations from this type 
have already been described. 

When the inflammatory infiltration is very extensive ‘death from 
asphyxia may take place, or in other cases from heart failure, usually 
on the approach of resolution or in severe infection earlier. Death is 
not infrequently caused by gangrene or suppuration in the lung, occasion- 
ally only by glottic oedema, more often from pleurisy with effusion. 

Sequele include chronic induration of the lung or adhesions due to 
chronic pleuritis, in which cases resolution is prolonged. Dyspncea, per- 
cussion dulness, and an irregular temperature persist for a time. <A similar 
condition may develop in the case of gangrenous foci which have not 
been rapidly fatal. Induration not continuing for more than 3 to 4 weeks 
after the fall of temperature may undergo resolution. In some cases in 
the course of a few weeks laryngeal paralysis appears (Pldsz observed 
this in 77 per cent. of 31 thoroughbreds affected with infective pleuro- 
pneumonia). 

Diagnosis. In typical cases the sudden onset of high fever continuing 
for several days and then subsiding suddenly or by degrees, the regular 
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changes on auscultation and percussion, and the usual termination in 
complete recovery in 2 weeks are characteristic of the disease, but none 
of the symptoms individually are sufficient for diagnosis. In infected 
studs the appearance of high fever indicates fresh cases of the disease, 
and in such studs the temperature should be taken regularly. Atypical 
forms can also be recognised by the changes on percussion and _ ausculta- 
tion extending rapidly over large areas of the lungs, together with the 
frequently atypical temperature in the absence of antecedent bronchitis. 
In practice the important distinction of the specific pneumonias from 
each other and from the simple forms is usually easy when the species 
of animal, the appearance of the conjunctiva, the previous or simultaneous 
development of pleuritis with other symptoms of specific pneumonia, 
and the possibility of introduction from other sources are taken into 
consideration.. When a definite diagnosis is not possible, measures should be 
directed against specific (infectious) pneumonia till a decision can eventually 
be reached. : 

‘Pneumonia may be mistaken for exudative pleuritis, but in this case 
the dulness'is always in the lowest part of the thorax and limited above by 
a horizontal line; resistance on percussion is increased in the area of 
dulness (the latter alters according to the position of the animal), the 
respiratory sounds alter accordingly, the temperature curve is irregular, 
dyspnoea is pronounced, and the tracheal percussion sound is short and 
remote. 

In pleuro-pneumonia the area of dulness is limited by a convex 
boundary, but the frequent presence of cedema of the lower part of the 
thorax or abdomen indicates coincident pleuritis. 

In broncho-pneumonia the confluence of several foci may produce — 
physical signs similar to those of croupous pneumonia, but can usually 
be excluded by the presence of general bronchial catarrh and by its slower 
development and atypical course. 

The differential diagnosis from contagious pleuro-pneumonia of 
cattle is important, as the course of this affection extends over several weeks, 
during which affected animals may be introduced into a healthy herd. 
Inflammatory cedema of the submaxillary region and other parts of the 
body in conjunction with enteritis and a rapidly fatal course point to 
a pneumonic complication of hemorrhagic septicemia. 

Pneumonia due to foreign bodies is usually distinguished by its slow 
development with slight initial fever and the usual absence of bronchial 
breathing. Foreign bodies entering the lung from the stomach give rise 
to local changes in the postero-inferior border of the lung on one side, 
and the pulmonary affection is preceded by digestive disturbances. 
Confusion with tumours of the lung and chronic pneumonia is 
possible when in acute pneumonia the temperature has already fallen; 
the possible presence of polyuria and the increase of chlorides in the 
urine, however, together with anamnesis and the evidence obtained 
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from the continued observation of the animal, should indicate a proper 
diagnosis. | 

The presence of a tympanitic intestinal sound at the lower border of 
the lung (in horses arising from the colon) can be followed towards the 
abdomen, and also changes in pitch and intensity, during continued 
percussion. 

Prognosis. In this connection the course of the temperature is of 
considerable prognostic importance. <A fall of temperature by crisis or 
lysis after a few days’ fever is a favourable sign, while a temperature of 
41° C. or over continuing over 8 days is alarming. A raised temperature 
persisting after the stage of resolution indicates incomplete absorption — 
of the exudate. ‘The pulse is also of prognostic significance, as an increase 
in its rate to double that of the normal and accompanied by reduced 
tension is an unfavourable sign when fibrinous pleuritis, which also 
causes highly increased pulse rate, can be excluded. The prospect of 
complete recovery diminishes with the extent of the infiltration, and 
consequently bilateral pneumonia is more dangerous than unilateral. 
Deviations from the normal localisation are also unfavourable, pneumonic 
infiltration of the central and the upper or posterior parts of the lung 
having as a rule a higher mortality: The age and nutrition of the 
animals also affect the course of the disease. In old, debilitated and 
over-worked animals croupous pneumonia is often fatal, and this also 
applies to secondary pneumonia. In infectious pleuro-pneumonia 
Schmidt mentions as a favourable sign the appearance of marked swelling 
after the application of local stimulants (camphor oil, mustard oil), 
together with leucocytosis. 

The prospect of recovery is diminished by the occurrence of complica- 
tions, especially, of pleuritis with abundant exudation, pericarditis and 
diffuse nephritis. On the other hand, fibrinous pleuritis, intestinal 
catarrh and albuminuria without renal constituents in the urine are much 
less unfavourable symptoms. Gangrene or suppuration in the lung is 
almost always fatal. ‘The possibility of sequelae must always be borne 
in mind and precautions taken accordingly. The mortality in horses 
varies between o and 20 per cent., but averages 10 to 15 per cent., except 
in mild infections. In cattle it varies still more, losses of 40 per cent. or 
more being reported by Krueger and others; in many epizootics com- 
plete recovery is the rule. 

Treatment. The animals must be kept at rest under the best possible 
hygienic conditions, either in clean, well-ventilated stables, or in the open 
during favourable weather with, of course, protection against rain and 
wind. Debilitated large animals, especially horses, may if necessary 
be placed in slings, and allowed to le down at intervals for a few 
hours. 

The diet should consist of succulent food given in small quantities and 
at frequent intervals. For herbivora, fresh green food, or as a substitute 


on 
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good fresh hay, oatmeal or bran mash (perhaps mixed with bruised 
oats), roots (beets, turnips, carrots, etc.) are useful. Fresh cold water 
should be supplied ad libitum, and with the object of stimulating the 
appetite the mouth may be rinsed with cold water before feeding. The 
appetite may also be stimulated by bitters, Carlsbad salts, hydrochloric 
acid and pepsin. In complete loss of appetite and in cases with dys- 
phagia artificial feeding may be necessary, but should if possible be 
avoided. 3 

Carnivora should be given fresh milk, finely chopped boiled or roast 
meat, strong meat broths containing eggs, or manufactured food prep- 
arations. 

Medicinal treatment of cases running a typical course is often unneces- 
sary, and indeed may be undesirable, but drugs belonging to the sulph- 
anilamide group—especially sulphapyridine—are now extensively used 
in the treatment of pneumonia. The doses of sulphanilamide at present 
advised are as follows: : 

Horses: An initial dose of 60 to 180 grammes, followed by 15 to 60 
erammes three or four times daily. Foals: An initial dose of 15 grammes, 
followed by 4 to 8 grammes three or four times daily. Cattle: 90 to 
180 grammes, followed by 30 to 60 grammes three or four times daily. 
Calves: As for foals. Sheep: 15 grammes, followed by 4 to 8 grammes 
three or four times daily. Lambs: 4 grammes, followed by 1 gramme 
three or four times daily. Pigs: 2-6 grammes for each 10 kg. body 
weight, followed by 1 gramme for each ro kg. body weight three or four 
times daily. Young pigs: o-5 gramme for each 10 kg. body weight. 
Dogs: 0:2 to 2 grammes three or four times daily. Cats: o-1 to o-2 
gramme three or four times daily. 

Sulphapyridine. One-third to one-half the doses of sulphanilamide. 

A rise in the pulse rate to double the normal or marked weakness of 
the pulse indicates the administration of cardiac and_vasotonic drugs, 
such as camphor oil (for large animals 20 to 15 grammes, for smaller 
animals 4, to 10 grammes, for carnivora I to 2 grammes, subcutaneously 
in one dose). Food animals fit for slaughtering should not receive drugs 
containing camphor. Caffein is often beneficial (6 to 8 grammes for 
large animals, 0-5 to 1:0 gramme for small animals, 6 to 8 hourly sub- 
cutaneously, or in a quarter the dose intravenously). In horses this 
sometimes causes a painful swelling at the site of injection, which can be 
relieved by adding glycerin to the injection and by massage. Digitalis 
preparations should be given to ruminants only subcutaneously or intra- 
venously, as when given fer os their glucosides are destroyed in the 
stomach. | 

Intravenous infusions of physiological saline, or Ringer’s solution at 
body temperature, are occasionally useful (4 to 6 litres for horses). In 
cases associated with cardiac asthenia (cyanosis, venous engorgement, 
greatly accelerated pulse and arhythmia) adrenaline and intravenous 
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infusions should be avoided because of the danger of pn Sy oedema 
and collapse. 

Venesection in the early stages may relieve the increased blood 
pressure, but does not influence the course of the disease, and in vaso- 
motor paresis its use may be actually dangerous. 

Antipyretic treatment is required only in case of very high tempera- 
tures. During warm periods of the year, cold sponging, cold sprays or 
rectal infusions of cold water may also be employed. Medicinal anti- 
pyretics include acetanilidum, phenacetin and antipyrin. Salicylates, 
salol, aspirin, phenazoni salicylas, etc., are sometimes of apparent 
benefit. 

In contagious pleuro-pneumonia of horses, good results may be ob- 
tained with neosalvarsan and similar arsenical preparations (novarseno- 
benzol, atoxyl, etc.). In the author’s experience rapid subsidence of the 
temperature 1s effected by intravenous injections of quinine hydrochloride 
(for horses 1 to 2 grammes). 

Protein therapy (parenteral administration of Hekmese uci proteins) 
may be practised by the subcutaneous or intravenous injection of heter- 
ologous serum. Autogenous blood may also be used, or the various 
manufactured protein substances. Protein therapy gives rise to leuco- 
cytosis on the one hand, and on the other hand to the formation of 
unspecific bactericidal an immunising bodies, and in this MEE may 
sometimes influence a favourable result. 

Inhalations of oxygen produce only a temporary improvement in the 
general condition and a decrease of the dyspncea. 

It has been claimed that pulmonary gangrene may be benefited by 
repeated inhalations of finely atomised antiseptics (2 to 3 per cent. 
carbolic acid or creolin solution), but these do not influence the 
putrefactive process in the lung tissue and should not even be at- 
tempted. 

During convalescence careful nursing and feeding is of great import- 
ance; a roomy, freely ventilated loose-box or sheltered enclosure should 
be provided, or in fine weather the animal may be placed in an open 
paddock. As croupous pneumonia often represents a localisation of a 
specific infective disease cases should be kept in isolation. 


6. Catarrhal Pneumonia (Pneumonia Catarrhalis) 


(Broncho-pneumonia ; Pneumonia lobularis s. insularts) 


Catarrhal pneumonia is characterised by the accumulation of 
desquamated epithelium and cellular infiltration in the alveoli of individual 
lobules or groups of lobules, and is usually connected with bronchial 
catarrh. 


CATARRHAL PNEUMONIA 573 


Atiology. Catarrhal pneumonia may result from acute bronchitis 
arising from the inhalation of fumes and irritant gases (as in gas 
poisoning) and the smoke from conflagrations. It may also arise from 


the aspiration of foreign bodies, liquid or solid, including shreds of wool, 


and in cattle particles of earth-nut (pea-nut) cakes. The broncho- 
pheumonia sometimes observed after chloroform narcosis in horses 
is also due to the aspiration of food directly after the narcosis. In 
the same way it may occur in calves after forcible liquid feeding 
to produce fradulent increase in weight. Broncho-pneumonia in 
all animals frequently results from the forcible administration of 
draughts containing insoluble and irritant substances: Broncho-pneu- 
monia may also be caused by lung worms, more rarely by moulds 
(Ellenborger observed several cases in cattle after feeding with 
mouldy turnips). 

The great majority of cases of broncho-pneumonia are primarily of 
infective origin, especially in very young and old or debilitated animals, 
and are often due to the bacteria concerned in the production of croupous 
pneumonia (vide supra). In cattle broncho-pneumonia is caused by the 
Pasteurella boviseptica and the Corynebac. pyogenes, especially after previous 
injury to the bronchial mucosa from exposure to cold or the inhalation 
of dust, in cases of congestion of the lung, and often in association with 
other diseases of the respiratory organs. Mlessner and Bartels observed 
an enzootic of broncho-pneumonia caused by the necrosis bacillus and 
associated with necrosis of the liver and catarrhal mastitis. The special . 
form of broncho-pneumonia seen in market cattle has already been 
described (p. 506). 

In swine, broncho-pneumonia may be caused by the Corynebac. pyogenes 
(Borges). It may also occur in the course of paratyphus, when caseation 
in the inflammatory foci and the bronchial lymphatic glands may be 
more pronounced than the intestinal changes and produce the appearance 
of a primary lung affection. Duplococcal bronchitis occasionally gives 
rise to broncho-pneumonia. In the Mississippi Valley of North America 
Murray observed epizootic broncho-pneumonia of 7 to ro days’ duration 
in which a Gram-negative micrococcus was found (the mortality was 
I per cent.}. 

Broncho-pneumonia often occurs in the course of the American swine 
influenza, which is caused by a filtrable virus in association with the 
Hemophilus bacillus (see p. 509). 

The causal bacterium of the infectious broncho-pneumonia in dogs 


‘observed by Robert and Deich is unknown. De Jong found broncho- 


pneumonic foci in streptomycosis of cats. In furred animals (silver and 
blue fox, mink) broncho-pneumonia is caused by bacteria (streptococci, 
staphylococci) in the presence of influences which reduce resistance 
(damp boxes and runs, cold weather, intestinal worms, unhygienic 
conditions, and insufficient or improper food). 
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In rabbits the disease often occurs in the course of infectious nasal 
catarrh and in so-called contagious pneumonia. z 

In young fowls, Eber observed fatal pneumonia following catarrh of 
the upper air passages, especially during years in which influenza prevailed, 
but also in the spring and summer months of the first wortd war; also 
a similar form of pneumonia in connection with inflammation of the 
oviduct resulting from malformation of the eggs, which gave rise to 
peritonitis extending to the lungs. 

Broncho-pneumonia is a frequent complication of specific infective 
diseases, especially in young animals. In this form it occurs in dog 
distemper, hemorrhagic septicemia of sheep, in some cases of malignant 
catarrhal fever, foot-and-mouth disease, sheep pox, purpura haemor- 


Fic. 144.—-BRONCHO-PNEUMONIA AND PULMONARY TUBERCULOSIS. 


a, Prescapular; 5, thoracic dulness. 


rhagica and swine fever; also in “ hunting disease of sheep”’ (“‘ Jaag- 
zieckte’’), tuberculosis, glanders, and actinomycosis of the lung. In 
sucking pigs broncho-pneumonia has been observed in invasion by ascaris 
larve (q.v.). : 

Predisposing causes of broncho-pneumonia include youth or advanced 
age, exposure to cold, debilitating conditions, severe digestive disorders, 
rickets, etc. 

Pathogenesis. The pathogenic bacteria usually enter by the air 
passages, but in some cases, especially in specific infections, also through 
the circulation. For reasons so far unknown the bacteria multiply chiefly 
in the mucous membrane and contents of the air passages, and only spread 
slowly or not at all in the connective tissue, and consequently the inflam- 
matory process extends mainly along the bronchial tubes to the alveoli 
of the corresponding groups of lobules. There are, however, exceptions 


CATARRHAL PNEUMONIA 575 


to this mode of development, and certain bacteria spread quickly along the 
connective tissue spaces and so cause inflammation in wider areas of the 
lung. To the exclusive or predominant proliferations of the bacteria in 
the contents of the bronchi and alveoli is probably due the formation 
of a non-coagulating exudate consisting of desquamated epithelium, 
leucocytes, mucus and serum with a low protein content. In certain forms 
of the disease this exudate becomes mixed with fibrin when especially 
virulent bacteria or those rapidly multiplying in the connective tissue spaces 
have affected the capillary walls. In distinction to croupous pneumonia 
the bacteria, multiplying chiefly or exclusively in the air passages and be- 


ing protected therein by mucous material or in other ways, are more rarely 
C Va 


\ 


Fic. 145.—CHRoNIc PURULENT BRONCHO-PNEUMONIA IN A Car. 


a, Small foci; b, extensive infiltration; c, heart :d, diaphragm and liver. 


orinslighter degree exposed to the lytic action of the body fluids, particularly 
as, because of their location in the lumen of the bronchi, they are less able 
to form immune bodies,, and consequently the fall of temperature and 
process of resolution characteristic of croupous pneumonia are often absent. 

The effect on the respiration and circulation is the same as in croupous 
pneumonia (vide supra), but the respiratory disturbances are in part 
due to the concomitant bronchitis. 

Pathological Anatomy. ‘The pneumonic changes begin with the 
formation of small foci, which increase in size and may eventually become 
confluent and then form extensive areas of infiltration. ‘These are usually 
situated along the lower and anterior borders of the lungs, and are of 
Jess dense consistence than that of croupous pneumonia. On section 
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the surface is at first red, then greyish-red, yellowish, and later greyish- 
white, of dry consistence, but not granular as in pneumo-paratyphus: of 
swine. Dark-coloured, wedge-shaped atelectatic foci of fleshy consistence 
are also found. Areas of compensatory emphysema, and often of inter- 
stitial emphysema, are found in cattle, and sometimes purulent foci may 
be present. In pneumo-paratyphus of swine, foci varying in size from 
a hazel nut to a walnut, and in colour from reddish-white to greyish- 
yellow or green, lardaceous, with central caseation (rarely diffuse), are 
found in the lungs and bronchial lymphatic glands; also caseous 
changes in the intestine. In cattle, more rarely in swine and excep- 
tionally in other animals, the interlobular tissue presents gelatinous 
infiltration or a whitish colour. The smaller bronchi contain mucoid or 
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Fic. 146.—TEMPERATURE, PULSE AND RESPIRATION CURVES IN BRONCHO-PNEUMONIA IN 
A DOG, TERMINATING IN RECOVERY. 


caseous masses which can be expressed from the pulmonary tissue, and 
the mucosa is red and swollen. In some cases fibrinous pleuritis is 
present. 

Symptoms. Catarrhal pneumonia is usually preceded by symptoms 
of bronchitis and bronchiolitis; more rarely it commences coincident 
with bronchiolitis. The temperature rises to over 40° C., is indefinite 
in type, but usually remittent, and falls gradually during recovery 
(Fig. 146). In adult animals both fever and other symptoms may be 
absent, either temporarily or permanently. 

The respiration is always accelerated and laboured. In dogs, and more 
rarely in other animals, the lips and cheeks are drawn in on inspiration 
and inflated on expiration (labial breathing). A short and painful cough 
may occur at times, and there is usually a profuse nasal discharge. 
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Dulness to percussion is usually found along the lower border and 
over the most anterior portion of the lung, seldom over larger areas 
(Fig. 144). At the border of the area of dulness and in other places the 
percussion note may be tympanitic and in small animals sometimes 
“ cracked-pot ” in character. On auscultation various types of rales are 
heard in the anterior and inferior parts, and sometimes over the whole 
thorax; sonorous rales are of special significance. Bronchial breathing 
is rarely present, and vesicular breathing is either attenuated or when 
the bronchi are plugged with masses of secretion completely absent. 
The pulse is accelerated and later becomes weak. ‘There is considerable 
disturbance of the general condition and the appetite is diminished or 
suppressed. 


Infectious broncho-pneumonia of dogs is manifested by symptoms of pleuro-pneumonia and may 
cause a mortality of 60 per cent. ‘The animal dies in the course of a few days or 2 to 4 weeks, 
or the disease terminates in recovery after several weeks. By isolation of animals not yet in- 
fected the enzootic can be arrested. ' 

So-called contagious pneumonia of rabbits is manifested by cough, sneezing, emaciation, capricious 
appetite, a yellowish nasal discharge, purulent conjunctivitis, moderate dyspnoea and sometimes 
diarrhcea. ‘Treatment is ineffective. 


Course. In some cases the pneumonic process develops rapidly and 
in a few days covers a wide area; in other cases the development is slow 
and may extend over weeks or months. In favourable cases recovery 
takes place in 2 or 3 weeks; after the temperature has fallen or earlier, 
the cough becomes moist and less frequent and the respiration easier. 
Sometimes recovery is retarded by a new development of inflammatory 
foci and a fresh rise of temperature. 

Death may be caused by asphyxia, cardiac paralysis, exhaustion, 
pleuritis, pericarditis, persistent severe diarrhoea, and sometimes gangrene 
of the lung or septicemia. In poultry death from dyspnoea may occur 
without any previous symptoms. In a certain number of cases, 
particularly in young animals, chronic induration of the lung may 
remain, with defective development and permanent respiratory 
troubles. ) 

Diagnosis. The greatest difficulty in diagnosis is that between 
broncho-pneumonia and bronchiolitis, but the presence of a high tempera- 
ture, the absence of vesicular breathing and the detection of circum- 
scribed areas of dulness will distinguish broncho-pneumonia from ex- 
clusive bronchiolitis. Croupous pneumonia is differentiated by its more 
rapid development, its acute and often regular course, the wide extent of 
dulness on percussion and bronchial breathing on auscultation, and its 
frequently favourable termination. In cattle broncho-pneumonia may be 
distinguished from pulmonary tuberculosis by the usually well-nourished 
condition of the animals, in spite of pronounced changes in the lungs, 
and the usual localisation of tuberculosis in the anterior and inferior 
portions. 
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Prognosis. In very young, very old or emaciated animals, and also 
in cases with hyperpyrexia, the prognosis is grave. It is also unfavour- 
able in broncho-pneumonia occurring in the course of specific infective 
diseases. In dogs, Robert and Kiihn observed mortalities of 30 and 
60 per cent., and in Ebers’ cases in young fowls the disease was almost 
always fatal. 

Treatment. Hygienic conditions and suitable diet should be ob- 
served as in croupous pneumonia (ude supra). In complete loss of appetite 
sucklings should be given fresh or boiled milk mixed with eggs. Impending 
asphyxia may be averted by inhalation of oxygen, which in urgent cases 
can also be administered subcutaneously. In cattle favourable results 
have been reported with antipneumococcus serum (20 to 100 c.c. sub- 
cutaneously). Concomitant bronchial catarrh and cough require the 
treatment already described for these conditions (q.v.). _ 

For prophylactic purposes animals with infectious broncho-pneumonia 
should be isolated and their quarters thoroughly disinfected. 

See also sulphanilamide, p. 571. 


Pulmonary Atelectasis. ‘This condition is of frequent occurrence. At 
the Leipzig slaughter-house Simader found it in 15 per cent. of young pigs and 
in 50 per cent. of sucking pigs; also in 16 per cent. of wethers, 7 per cent. of 
young goats, and 13 per cent. of sucking calves. Congenital (primary) atelec- 
tasis develops from insufficient expansion of the lungs after birth, acquired 
(secondary) atelectasis from obstruction to the entry of air into the bronchi 
by internal occlusion or external pressure. In both these conditions the air is 
absorbed in a few hours and the affected part of the lung collapses. A third 
form is marasmic atelectasis. 

The cause of congenital and marasmic atelectasis consists chiefly in paresis 
of the respiratory muscles due to fatty degeneration resulting from various diseases 
of sucklings (dysentery, polyarthritis, rachitis, rheumatism) ; also from insuffi- 
cient exercise and prolonged confinement in pens. Obstructive atelectasis 
generally arises from bronchial catarrh, more rarely from occlusion of the 
bronchioles with epithelial plugs, mucus, or aspirated meconium in new-born 
animals. Compression atelectasis occurs chiefly in cases of pleural effusion or 
pneumothorax, less often from tumours. 

Pathological Anatomy. ‘Vhe usual situations for atelectasis are the apices of 
the lungs, especially of the anterior lobes. ‘The atelectatic foci are reddish- 
brown, depressed below the surface of the lung, and wedge-shaped when due 
to obturation. In congenital atelectasis, which is also apical in situation, the 
bronchial tubes, or at any rate those lying near the affected area, are unchanged 
and there is no folding of the pleural layer. In the affected part of the lung 
hyperemia and serous infiltration may occur (splenisation), with desquamation 
of the alveolar epithelium, and accumulation of mucus in the bronchioles, 
and of leucocytes in the connective tissue stroma. After absorption of the 
tissue which has undergone fatty degeneration atrophy takes place, during 
which process the two layers of the pleura may become adherent. 

There are no observations regarding the clinicalsymptoms. It is probable, 
however, that in extensive atelectasis the respiratory disturbance and physical 
changes are the same as in broncho-pneumonia. Atelectasis may always be 
suspected in cases of stillbirth. 
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Atelectasis is of importance, because it may be mistaken for pneumonia of 
young animals, and also because inflammation may develop in the atelectatic 
foci. 

Treatment. In congenital atelectasis attempts must be made to stimulate 
respiration by massage of the heart (by rhythmic bilateral compression of cardiac 
region about 15 to 20 times per minute); artificial respiration by movements 
of the flexed foreleg forwards and upwards and then backwards towards the 
flanks, removal of accumulated mucus from the mouth and pharynx, rhythmic 
traction on the tongue, friction of the skin, instillation of vinegar into the nasal 
cavity, and titillation of the nasal mucosa with a straw. Prophylaxis consists 
in hygienic measures, especially with regard to more natural conditions in 
breeding and housing. 


7. Enzootic Pneumonia of Young Animals 


Enzootic pneumonia of young animals is usually catarrhal, but 
sometimes catarrhal-croupous or purely croupous in nature, and may 
affect the lungs only or the pleura in addition. It may be caused by various 
bacteria, usually under the influence of predisposing causes. 

Incidence. This form of pneumonia occurs in all countries in which 
animals are bred on a large scale. It chiefly affects calves, young pigs 
and lambs, more rarely foals and kids, usually in the first weeks after 
birth, but sometimes up till the age of 6 months or later. 

The disease is of economic importance in agriculture, as it causes a 
serious annual loss as an enzootic in the early months of the year, result- 
ing in many deaths and retarded development in those cases which 
recover. 

AEtiology. From the etiological standpoint enzootic pneumonia 
must be divided into two groups. The infectious form originates from 
primarily infective agents, such as Pasteurella septica and the Pneumo- 
bacillus septicus of Galtier. The direct pathogenicity of P. septica was 
proved experimentally by Poels and Semmer, and in the case of the 
Pneumobacillus septicus in calves by Galtier. An enzootic, subacute and 
chronic specific broncho-pneumonia of foals, with the formation of puru- 
lent foci, was proved by Magnusson, Miessner and others to be caused by 
the Corynebacterium equi, a schizomycete occurring in the form of cocci 
and oval rods, usually 1-2 p in size, non-motile, Gram-positive and 
irregularly staining. With reference to the etiological importance of the 
virus described by Kobe in young pigs, see p. 510. 

Bacteria which may cause secondary infection, or in debilitated condi- 
tions of the bodily organism may even act as primary causes of enzootic 
pneumonia, include Coli bacteria (Poels and Berger), Cory. pyogenes (Glage, 
Grips and others), Bac. bronchiolitidis vituli (Kitt), which is probably 
identical with the latter. Poels has attributed enzootic sucking-pig 
pneumonia to the Staphylococcus pyogenes and a Streptothrix, and also to 
Diplococcus lanceolatus. In calves Smith found the Bac. actinoides, a micro- 
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organism resembling Actinomyces. In enzootics occurring in lambs in 
Japan, Nilmi found the Cory. pyogenes, the P. oviseplica and a small Gram- 
positive bacillus. Not infrequently several forms of bacteria are associated 
or may give rise to secondary changes in lungs already affected, and 
in this way sometimes transform the original disease (Holth). Thus, 
enzootic pneumonia of young animals is sometimes observed as a 
secondary disease following pyosepticemia, dysentery, ‘‘ white scours,”’ 
strangles and paratyphus. 

The transmission of infectious pneumonia from one to another species 
of animal is also possible; for instance, from sucking pigs to lambs and 
calves, from calves to kids, sucking foals and lambs, but transmission is 
much more readily effected among animals of the same species. Further, 
it is believed that adult animals of the same species may also be infected 
and transmit the disease to the young. 

Natural infection in these forms takes place from sucking contaminated 
udders or bedding, from licking the walls, from the ingestion of con- 
taminated food, from inhalation of droplets of expectorated secretion, 
and occasionally from lesions of the skin. The possibility of uterine 
infection, maintained by Galtier, is supported by the observations of 
Kovarzik. The disease is usually introduced by young or adult animals 
which have not completely recovered (bacterial excretors), more rarely 
by animals obviously affected or by attendants. 

The non-infectious form of the disease, which is much more common, 
develops under the combined influence of debilitating conditions and 
saprophytic micro-organisms living on the mucous membranes or in the 
environment. Consequently cases belonging to this second group appear 
spontaneously without any introduction from without, and their patho- 
genesis depends chiefly upon conditions which reduce the power of 
resistance of the young animals, without which the saprophytic micro- 
organisms cannot develop their pathogenic action. 

Such debilitating factors include prolonged confinement in ill-ventilated 
damp houses with limited space for movement, insufficient light and 
defective hygienic conditions. As the result of unsuitable housing the 
animals are often also exposed to the effects of cold. Animal houses 
constructed of cement and concrete, though otherwise sanitary and easily 
cleaned and disinfected, may, if not properly ventilated, readily induce 
‘chill’? in young animals, particularly in young pigs. Because of the 
fact that cement and concrete are rapid conductors of heat, during cold 
seasons the walls of houses constructed of these materials cool down, and | 
the internal temperature falls to such a degree that the high vapour content 
of the air partly condenses and is deposited on the wall and floor surfaces. 
Under such damp, insanitary conditions respiratory catarrh and even 
pneumonia may be induced, particularly in young pigs. Such disease 
conditions are known in Germany as “cement cough” and “ cement 
disease.” | 
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Further predisposing causes of enzootic pneumonia are improper feed- 
ing through premature weaning, changes in the mother’s milk, also due 
to unsuitable food (acid foodstuffs, distiller’s wash). Equally detri- 
mental are unhygienic conditions of artificial rearing and improper feed- 
ing of weaned animals. <A badly balanced diet is also harmful (especially 
in young pigs), particularly if there is insufficient protein or deficiency 
of vitamins (as with an exclusive diet of cereals and their manufactured 
products). Diarrhoea or rickets developing from these or other causes 
may be a further cause of pneumonia, disposition to which may also 
result from intensive inbreeding and also from congenital atelectasis. 
Disposition to enzootic pneumonia in young animals often is induced 
by Brucella abortus infection existing in the dam, as in Sholl’s cases 
the partly pneumonic lungs of foetuses and young calves commonly 
contained Brucella abortus. In sucking pigs severe ascarid invasion 
may lead to pneumonia at the time of migration of the larve through 
the lungs. 

Pathogenesis. Some of the pathogenic bacteria mentioned multiply 
rapidly in the blood and give rise to pure septicemia. If this does not 
cause death in a short time the bacteria settle in the bronchi and give rise 
to bronchitis and pneumonia, and after their disappearance from the 
circulation leave organic changes behind. In other cases the bacteria 
cause pneumonia without antecedent septicemia after their entry with 
the atmospheric air or by way of the circulation. ‘Their migration from 
the blood, or more usually their transmission by the lymphatics, gives 
rise in some cases to pleuritis. 

Pathological Anatomy. Apart from cases of pure septicemia 
which do not belong to this category, enzootic pneumonia occurs in an 
acute or chronic form. The acute form in calves often develops as a septic 
pleuro-pneumonia which may be unilateral or bilateral. The pleural 
cavity contains sero-fibrinous exudation; the pleural surface is dull and 
studded with punctiform hemorrhages, infiltrated with serous fluid, 
thickened and covered with deposits of fibrin. The lungs in their anterior 
and inferior portions or over a wider area are firm, airless and friable; the 
interstitial tissue is thickened and transformed into yellowish processes 
forming a wide-meshed network on the greyish-red cut surface (marbling). 
The lymphatics are sometimes dilated and contain coagulated lymph 
and fibrinous exudate. In very acute cases there may be present 
only diffuse hyperemia of the lung with serous infiltration of the pul- 
monary tissue which is occasionally bounded by an area of blackish- 
red hemorrhagic infiltration. Other changes sometimes observed are 
gelatinous infiltration in the submaxillary region, hemorrhages in the 
pericardium and peritoneum, fibrinous pericarditis, acute swelling of 
the lymphatic glands, acute gastric and intestinal catarrh, sometimes 
ulcers in the abomasum, cloudy swelling in the parenchymatous organs, 
and according to Galtier hemorrhages and fatty degeneration in the 
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muscles of the trunk, extremities and heart. In sheep and goats the 
anatomical changes sometimes correspond to those of septic pneumonia, 
and in sucking pigs those of swine pasteurellosis (see Vol. I). 

In acute cases of other origin there may often occur bronchitis and 
broncho-pneumonia, with or without pleuritis or pericarditis. In such 
cases individual lobules or the whole of one lobe, usually the anterior, 
median, or the anterior angle of the principal lobe, are of a brown, blue 
or greyish-red colour, hard and fleshy to the touch and do not crepitate 
on section. The interlobular connective tissue is somewhat swollen and 
the bronchi contain slimy yellow masses of secretion. ‘The bronchial 
and mediastinal glands are considerably enlarged. 

The chronic form is often characterised by the presence of a flaccid form 
of pneumonia in which the affected parts of the lung resemble pancreatic 
gland, and contain greyish or greyish-red purulent, caseous or dry greyish- 
yellow necrotic foci, and sometimes large cavities containing feetid, 
greyish-red or chocolate-coloured contents. The latter condition resembles 
the form of pneumonia caused in foals by the Corynebacterium equ, 
in which, however, bronchiectasis and also abscess formation in the 
peribronchial and mediastinal lymphatic glands are present, and occa- 
sionally suppuration in the mesenteric glands (broncho-pneumonia sup- 
purativa). 

Symptoms. The incubation period varies considerably and can 
be definitely determined only in the acute form. According to Schreiber, 
septic pneumonia of calves may develop on the second day, or not till the 
ninth to fifteenth day after infection. In sucking pigs Greve observed 
an incubation of 10 to 14, occasionally of 24 days. 

The acute form usually occurs in animals not more than a few weeks 
old, and commences with lassitude, diminished appetite and a rise of 
temperature to 41° C. or over. The respiration becomes laboured and 
accelerated (40 to 60 or 100 per minute), the forelegs are spread out and 
the head stretched. There is pronounced dyspnoea with audible sounds 
of stenosis caused in septic pneumonia of calves by oedema of the larynx. 
Cough is an early symptom and becomes increasingly frequent. In 
some cases there is a muco-purulent nasal discharge and in other cases 
severe conjunctivitis. 

On percussion and auscultation the same signs are present as in 
broncho-pneumonia and sometimes those of fibrinous or serous pleuritis 
and pericarditis. Occasionally there is acute pleuritis and_ peri- 
carditis. 

After rapid emaciation and increasing exhaustion the animals die on 
the second to sixth day of the disease. Death is usually preceded by 
foetid diarrhoea, which in some enzootics may be an initial symptom. 
Animals which survive present signs of chronic pneumonia. 

The chronic form occurs principally in somewhat older animals or in 
milder enzootics. The first and most prominent symptom is cough. 
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This is at first infrequent and occurs chiefly on rising and lying down or 
during exercise, but later becomes more frequent and spasmodic. At the 
same time the respiration becomes more frequent and laboured, especially 
during exercise. Rales are heard over the chest, and often changes in 
the percussion resonance and respiratory sounds, as in the acute form. 
The temperature is raised in many cases, but is not usually high. The 
general condition and appetite may remain unchanged, especially in 
swine. In a number of cases pica and grinding of the teeth are evident. 
Conjunctivitis is a common symptom. In some cases there is eczema 
of the neck, back and root of the tail, and swellings or abscesses in various 
parts of the body. With increasing emaciation the condition becomes 
chronic till death takes place in 1 or 2 months. In milder cases the con- 
dition may gradually improve till all symptoms disappear in the course 
of some months. 


The broncho-pneumonia of foals due to the Corynebacterium also occurs in 
a chronic form in animals aged 1 to 4 months, ‘This is manifested at first only 
by a slightly increased respiratory rate without other symptoms. A few days 
later the temperature rises to 39°5° to 40°5° C., the appetite 1s reduced, the respira- 
tion becomes more frequent and laboured and often accompanied by rales, 
the animals suffer from cough when at exercise and later even when at rest, 
and a muco-purulent nasal discharge appears. After a further rise of tempera- 
ture and acceleration of respiration to 120 per minute and rapid deterioration 
of the general condition a fatal termination results in 10 to 14 days from 
exhaustion and cardiac failure. Occasionally death takes place suddenly from 
rupture of abscesses into the bronchi. Recovery may take place in 4 to 6 
weeks. Doel estimates the mortality at 60 per cent. 


Diagnosis. The limitation of the disease to young animals, the 
presence of the symptoms described, and the occurrence of the disease 
in enzootic form are usually sufficient to establish the diagnosis, especially 
as it can usually be confirmed by autopsy. From pasteurellosis in cattle, 
swine and goats enzootic pneumonia is distinguished by its affecting young 
animals only, while pneumonia occurring in swine fever can usually 
be detected by the clinical or anatomical signs of the primary disease. 
Contagious pleuro-pneumonia in cattle is usually easy to differentiate 
(see Vol. I.). The enzootic appearance of the disease in the absence 
of any special external influences excludes sporadic broncho-pneumonia 
and embolic pneumonia. Lung-worm infestation usually develops 
in older animals after pasturing; also the “‘ worm burden” can be 
determined in the feces or sputum. Pneumonia caused by ascarid 
larve and pulmonary atelectasis may also be concerned in the differ- 
ential diagnosis (q.v.). In calves and lambs the rigid attitude of 
the body may suggest tetanus, but this is easily excluded on closer 
examination. 

In all cases the cause of the disease should be traced by investi- 
gation of the conditions of feeding and housing of the animals, and 
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by examination of the anatomical changes and bacteriological findings 
in fresh cases. 

Prognosis. ‘This is on “lis whole unfavourable, although con- 
siderable variations in mortality are found in different enzootics, and 
according to the age, species and environmental conditions of the 
animals. Most animals affected in the first weeks of life die, or if 
they survive are ill-developed and unsuitable for breeding purposes. 
Dysentery is particularly dangerous as a complication. In sucking 
pigs more than 4 weeks old the disease often terminates in recovery, 
and in other species in somewhat older animals. Recovery, how- 
ever, is often incomplete owing to the persistence of indurated foci in 
the lungs. 

Treatment. Medicinal treatment is generally ineffective and also 
difficult to carry out. In certain cases expectorants, cardiac tonics, 
compresses applied to the chest, and venesection may be tried. It has 
been claimed that protein-shock therapy is beneficial and may be 
administered in the form of subcutaneous injection of heterogeneous 
blood serum (either normal or immune serum) obtained ,from the 
mother or from other animals recovered from hemorrhagic septicemia. 
In broncho-pneumonia of foals good results have been obtained with 
neosalvarsan (0°45 gramme intravenously). 

Treatment by immune serum is in most cases of only subordinate 
importance or entirely ineffective. In mild acute forms in which the 
primary bacterium is known specific immune sera may be given in double 
or treble the dose used for prophylaxis. 

The sulphanilamide compounds (p. 571) may be tried, but further 
experience is required before their worth in these conditions can be 
assessed. 

The course of the disease is certainly most favourably influenced 
by dietetic and hygienic measures, as in croupous pneumonia (q.v.). 
Less severe cases often recover completely in a short time after being 
placed in open enclosures, even in the cold seasons, provided that 
the animals are adequately clothed and sheltered. Prolongation of 
the suckling period and a liberal supply of whole milk after weaning 
are also beneficial. 

Prophylaxis. The best and often the only effective method of con- 
trolling an enzootic consists in rearing the young animals under the best 
possible conditions of feeding and environment. Careful attention 
should be directed to the hygiene of the animal houses, with particular 
regard to the maintenance of dryness, good ventilation, the adequate - 
admission of light and strict cleanliness. Litter and dung should be 
frequently removed and replaced by fresh dry bedding (chopped straw 
for sucking pigs). Under suitable conditions the use of peat moss litter 
is recommended as being hygroscopic and antiseptic. In breeding pens 
the injurious effects of cold cement or concrete can be counteracted by 
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covering the floor with movable wooden battens or a thick layer of peat 
moss covered with dry straw. 

It is also important to arrange that the young animals have daily 
access to the open air. This can be simply contrived by having them 
housed in an annexe communicating with the byre proper only by a 
door, preferably on the south side, so that open-air exercise may be ob- 
tained at will. In the warm seasons of the year, if it can be conveniently 
arranged, cows may be allowed to calve at pasture. In some districts 
it is possible to permit foals and calves to have free access to pasture even 
in the winter months. 

A properly balanced nourishing diet containing mineral salts and 
vitamins should be provided. In default of green food (in pigs young 
clover or lucerne), milk, whey, turnips, potatoes, cabbage leaves, germin- 
ated grains (whole or as groats) may be added. If necessary, additional 
mineral matter may be provided by phosphates and calcium salts (see 
rhachitis, Vol. III.).  Prolongation of the suckling period in infected 
herds and gradual weaning from the mother’s milk are also useful measures. 
Newly purchased young animals should be isolated and kept under obser- 
vation for at least 2 weeks before introduction into a non-infected herd. 
Control of Brucella abortus infection may result in checking the spread of 
enzootic pneumonia in calves and pigs. 

On the outbreak of an enzootic, healthy animals must be separated 
from those affected. Healthy mothers with their sucklings and also preg- 
nant animals should be removed to other farms or premises where there 
are no other young animals and should have separate attendants. At the 
commencement of an outbreak when only a few animals are affected it 
may be more economical to destroy these and so dispose of a source of 
gross infection. In calf pens the animals may be provided with muzzles 
to prevent mutual contact and also the ingestion of litter. Loose-boxes, 
pens and runs must be thoroughly disinfected, after removal and burning 
of loose woodwork; and the dung should be sterilised with chloride of 
lime or by systematic packing. 

Protective Inoculation. In comparison with hygienic and general 
prophylactic measures protective inoculation is of limited or of no value 
and is only indicated in the specific forms of the disease, confirmed by 
bacteriological diagnosis. Instead of monovalent stock sera and vaccines, 
which may be of service only in cases of pasteurella pneumonia, it 1s pre- 
ferable to use polyvalent sera and vaccines, or still better autogenous 
vaccines. For the production of passive immunity lasting 2 or 3 weeks 
immune sera are sufficient, but for more lasting active immunity vaccines 
are necessary, either alone or in conjunction with immune sera (simultan- 
eous inoculation). Immune sera are recommended in general in the acute 
form, bacillary extracts and simultaneous serum-vaccine inoculation in 
the chronic forms of the disease. Inoculations should be made directly 
after birth, if possible before suckling has commenced, and repeated if 
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necessary after an interval of 2 or 3 weeks, and again once or twice at 
least 2 weeks before weaning, especially when immune serum alone has 
been employed. | 


8. Mycotic Pneumonia (Pneumonomycosis) 


(Pneumonomycosis aspergillina ; Breeder pneumonia) 


Pneumonomycosis is a form of broncho-pneumonia which in birds 
affects also the air sacs and serous membranes, and is caused by mould 
fungi. 

AEtiology. Mould fungi tend to form colonies in the presence of 
abundant masses of secretion or products of decomposition in the air 


Fic. 147.—Aspergillus glaucus. 


passages, which are formed in bronchiectasis, caverns of the lung and 
occasionally in chronic bronchial catarrh. Under these conditions they 
are purely saprophytic without causing injury to the tissues or pathological 
changes in the air passages (secondary or incidental mycosis). Mould 
fungi give rise to pathological conditions when large quantities of their 
spores are inhaled by debilitated animals or those affected with catarrhal 
diseases of the air passages. The most frequent causes are Aspergillus 
fungi, especially the Aspergillus fumigatus and A. niger, more rarely A. 
glaucus, A. aviarius and A. nidulans. ‘The first of these thrives at a tempera- 
ture of 37° to 40° C., the A. niger at 35° C., and consequently the former is 
the more dangerous. On the other hand, the A. glaucus does not grow at 
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the body temperature and therefore, although it may form large colonies 
in the larger bronchi, does not penetrate the living tissue. Some forms 
of Mucor grow at 40° C. and also penetrate the animal tissues. 


The Aspergillus fungi form a colourless mycelium from which arise non-branching hyphe, each 
of which has a terminal enlargement (columella) with numerous radiating sterigmata from which 
a single row of conidia spores are formed by fission. The latter with the sterigma and columella 
constitute the fruit (Fig. 147). Aspergillus fumigatus forms at first bluish-grey colonies which soon 
become grey; the diameter of the columella is 8 to 20 y, of the conidia 2 to 3 yw; the sterigmata 
extend more or less upwards. In Asp. niger the columella bears radially arranged sterigmata with 
black conidia, and the mycelium is chocolate coloured. In Asp. glaucus the columella is club- 
shaped, and the conidia and mycelium are both greyish-green (Fig. 147). 

In Penicillia (brush moulds) the conidia carriers branch in the form of whorls and terminate 
in bottle-shaped cells arranged in chains (Fig. 148). No pathogenic penicillia are known. 

In Mucor there is a spherical brown or black sporangium with spores, which become free after 
the capsules have burst (Fig. 149). Mucor ramosus (Absidia ramosa), M. conoideus, M. pusillus, and 
Rhizopus have been found in the air passages. : 


Fic. 148.—Penicillium glaucum. 


Mortierella parasitica was found by Neumann in the trachea of a cat which died of asphyxia. 
Of Saccharomycetes, San Felice found Cryptococcus granulomatogenes in caseous foci in the lungs of 
pigs, and Serena, saprophytic Torula and Oidium fungi frequently present, and Trichophyton in 
the necrotic pulmonary tissue of a calf. Darmagnac observed enzootic affections in young 
turkeys and in a fowl caused by Saccharomycetes. Haase discovered yeast cells in the bronchial 
pus of a cow affected with broncho-pneumonia and attributed them to Cryptococcus farciminosus. 


Infection usually occurs in damp ill-ventilated houses, or from feeding 
with mouldy food (in Schlegel’s cases from dusty and mouldy fruit refuse). 
Under such conditions large quantities of fungus spores may be inhaled. 
According to Félger, fungus spores may also reach the lungs in the form 
of emboli, while de Yong emphasises the danger of food infection. ‘The 
animals most liable to fungus infection are those which have insufficient 
access to fresh air or are debilitated from other causes. 
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Pneumonomycosis is comparatively common in domestic poultry. 
According to Neumann, this frequency is due to the presence of the air 
sacs, and according to Brumpt to the body temperature of fowls, conditions 
which favour the growth of fungi, which is also promoted by unhygienic 
environment. The birds most frequently affected are pigeons, fowls, 
ducks, geese (according to Dschunkowsky often in association with chronic 
spirillosis), and sometimes other birds (in South Africa the ostrich), also 
cage birds. Schlegel observed the disease in enzootic form, affecting 
turkeys, fowls and peacocks simultaneously. Johne reported nineteen cases 
among flamingos in a zoologica] garden and other observers have found 


Fic. 149.—Mucor mucedo. 


the disease in parrots. Mammals are more rarely affected with pulmonary 
mycosis. 

Pathological Anatomy. Yellow or greenish, mouldy or dry 
deposits are found on the bronchial mucosa and on the inner surface of 
the air sacs in birds. Under these deposits the tissue is inflamed and 
sometimes ulcerated, and in some places the lumen of the bronchial tubes 
is occluded. In the lung tissue are found foci of broncho-pneumonia of 
different sizes. In birds, and occasionally in mammals, purulent, caseous 
or grumous nodules (pneumonomycosis aspergillina nodularis) are also 
present and usually surrounded by a connective tissue capsule or by a 
zone of hemorrhagic infiltration or hepatised tissue. In birds, greyish 
yellow, fibro-purulent layers of exudation may be found between 
the visceral and parietal pleura, or the air sacs may be distended with 
green or yellow caseous deposit. In geese, fowls and pigeons, however, 
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Lange found tuberous foci of homogeneous structure the size of a pea 
in the otherwise healthy lung tissue, without the usual changes in the 
bronchi. Similar white, homogeneous, circumscribed granulomata were 
found by Darmagnac and Barlette after Saccharomycetes invasion in 
the lungs and liver, and also in the peritoneum, intestine, kidneys, and 
even in the pericardium. In ostriches Jowett found the lungs to be 
permeated by small, yellowish-white pearly nodules resembling the con- 
dition seen in miliary tuberculosis. In cattle Paci saw a thin greenish 
deposit on the pleural surface. In a rabbit Schéppler observed changes 
similar to those of tuberculous caseous pneumonia in cattle. In other 
cases in cattle the changes resembled those of contagious pleuro- 
pneumonia, and in horses pulmonary gangrene. - 

In mucor Mycosis (of exceptional occurrence in swine and horses) Christiansen and Nielsen 
found the fungus in the mesenteric lymphatic glands and sometimes in the intestine, together 
with metastases in the lungs, liver and subiliac lymphatic glands, in the form of encapsuled 
granulomatous tumours of firm consistence and red colour. These were surrounded by a 
hemorrhagic areola and in some cases showed suppuration or necrosis. Glycerin smears showed 
the presence of hyphe. 

By cultural or microscopic examination of the deposits mould fungi can be distinguished from 
tuberculous foci and glanderous nodules, and also other diseases of respiratory organs (Cerniak 
found mould fungi in 13°5 per cent. of 400 horses which had been killed for suspected glanders). 
As the reproductive organs of the fungi (which alone are diagnostic) in teased preparations 
and sections are seldom demonstrable, and the hyphe are difficult to stain, it is preferable to 


make cultures on Plaut’s agar, when reproductive organs develop in a few days or even in 
24 hours. 


Symptoms. In birds, after artificial infection, in 8 to 12 days the 
respiration becomes gasping, rattling and increasingly laboured. Although 
the appetite may remain fairly good till shortly before death, emaciation 
develops rapidly. The bird avoids movement, becomes somnolent and 
sits with the wings drooping. Sometimes yellow. or green crusted or 
purulent deposits are seen on the tongue and palate. Later, diarrhoea 
develops and death occurs in 4 to 8 days. In a peacock Schlegel 
observed swelling of the head. In mycosis of the air sacs Verge found 
emaciation only, and in mycosis of the bones and joints swelling and 
difficulty in movement. 

In mammals there occur symptoms of a chronic pulmonary disease with 
increasing dyspnoea, emaciation and loss of strength. More rarely the 
course of the disease is rapid and accompanied by fever and other acute 
symptoms. Sometimes there is a hemorrhagic nasal discharge and signs 
of anemia, or cough with expectoration of greenish-yellow masses. 


In a horse, Omlin observed Aspergillus mycosis of the skin in the form of a gradually increasing 
swelling of the lips and eyelids and extending to the mucous membranes. Such swellings 
appear as almost painless indurations with a granular or nodular surface, sometimes presenting 
small ulcers or cicatrices, and may lead to salivation, mechanical hindrance to feeding, serous 
or purulent discharge from the eyes and slight photophobia. 


Diagnosis. Mycosis can be detected only by microscopical or 
cultural examination of the bronchial secretion or deposits in the buccal 
cavity. In the absence of corresponding symptoms, however, a positive 
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microscopical finding is not conclusive, because similar fungi, especially 
in mammals, may be present as harmless saprophytes. 

Treatment and Prophylaxis. ‘To prevent further development of 
the fungus the inhalation of antiseptics or intratracheal injections may be 
tried, but the results of these are doubtful. The internal administration 
of iodide of potassium also gives uncertain results. Darmagnac and 
Barlette, however, reported favourable results after treatment with 
a mixture of tincture of iodine 10, potassium iodide 2 parts in 60 parts 
of water (10 grammes twice daily). 

Prophylaxis consists in the maintenance of hygienic conditions of 
housing, with special attention to dryness, cleanliness and ventilation, and 
the avoidance of mouldy food. The walls and woodwork should be 
frequently washed with hot water and disinfectants. 


9. Purulent Pneumonia (Pneumonia Suppurativa) 


Purulent pneumonia is often embolic in origin in connection with 
pyosepticemia of sucklings, strangles, ulcerative endocarditis, septic 
metritis, suppurating wounds (pressure gangrene, gangrenous plantar 
inflammation, castration, etc.). Occasionally it is caused by aspirated 
foreign bodies or by penetrating wounds of the chest, more often by the 
entrance of pus-forming bacteria introduced with foreign bodies pene- 
trating from the stomach. Very rarely suppuration occurs in croupous 
or catarrhal pneumonia. In cattle and swine purulent catarrhal pneu- 
monia is also caused by the Cory. pyogenes, and an enzootic of this form 
was observed in sheep by Cominotti. 

Pathological Anatomy. In acute cases one or more cavities with 
an uneven or villous inner surface and containing pus or tissue detritus 
are found. In other cases the whole of one lobe of the lung may be 
hepatised and airless as the result of cell infiltration, and present greyish- 
yellow points on its cut surface. Older abscesses are enclosed in a con- 
nective tissue, and in still older ones the contents consist of inspissated pus 
or dry caseous matter. In abscesses situated near the surface of the lung 
the overlying pleura is usually affected with sero-fibrinous or purulent 
pleuritis. 

Symptoms. When suppuration occurs in the course of pneumonia 
resolution is delayed, the temperature rises again and signs of acute 
pneumonia develop. Purulent pneumonia of embolic origin develops 
rapidly and reaches its acme in a very short time. 

The general symptoms include dyspnoea, an irregular temperature 
curve (Fig. 150), diffuse or circumscribed dulness. to percussion, and 
sometimes a localised tympanitic or metallic sound. On auscultation, 
rales, bronchial breathing and occasionally amphoric sounds are heard. 
At a later stage pulmonary gangrene may develop. 
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PULMONARY GANGRENE 


The disease is usually fatal in 1 to 2 weeks, either from 
sepsis, sero-fibrinous or purulent pleuritis, or occasionally rupture 


of an abscess into a large bronchus or the pleural cavity. 


Course. 
followed by obliteration of the cavity with cicatricial tissue, may occur 


after encapsulation of the abscess or after rupture into a_ bronchus, 
in rare Cases. 


The presence of a profuse purulent nasal discharge 


containing elastic fibres (Fig. 151), fat crystals and particles of necrotic 


Diagnosis. 


When atypical pneumonia develops in the 


course of suppurative inflammation of other organs purulent embolic 


pneumonia should always be suspected. 


lung tissue is diagnostic. 
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PuLsE AND RESPIRATION CURVES IN PURULENT PNEUMONIA 


Fic. 150.— TEMPERATURE, 


Treatment. 


This is usually ineffective. 


given and disinfection of the air passages attempted 
situated near the surface pneumotomy may be performed (Pansini). 


In human medicine good results have been reported after neosalvarsan 


Drugs of the sulphanilamide group may be tried (p. 571). 


injections. 


10. Pulmonary Gangrene (Gangrena Pulmonum) 
Pulmonary gangrene consists in a destruction of necrosed lung tissue 


caused by putrefactive bacteria. 


AEtiology. Pulmonary gangrene may follow putrid bronchial catarrh. 


In the great majority of cases, however, it results from the aspiration of 


food particles (aspiration pneumonia), usually in connection with dis- 
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turbance of deglutition, as it occurs most frequently in horses, less often in 
cattle and sheep; and rarely in other domestic animals, in the course of 
acute pharyngitis, mechanical interference with deglutition by pharyngeal 
or retropharyngeal abscesses, tumours, and pharyngeal paralysis or spasm 
(tetanus, meningitis). Aspiration may also occur in disturbances of con- 
sciousness. ‘The so-called vagus pneumonia resulting from vagus paralysis 
(seen in chronic lead poisoning) is due to anesthesia and paralysis of the 
_larynx, which prevent the expulsion of foreign bodies entering the larynx 
and so lead to aspiration. Aspiration may follow the entrance of large 
quantities of fluid into the pharynx after the rupture of peri- or retro- 
pharyngeal abscesses, in cesophageal obstruction, during vomiting, in fall- 
ing down (malrgnant foot-and-mouth disease), after regurgitation of the 
contents of the rumen. According to Jensen, the saliva flowing into the 
trachea in calves greatly enervated as the result of ‘ white scour”? may. 
also cause aspiration pneumonia, and the same may occur in horses ex- 
hausted by protracted colic. Sometimes contaminated amniotic fluid 
may enter the respiratory passages during protracted parturition. In 
rare cases in older animals larger foreign bodies may be aspirated (ears of 
corn, fragments of wood, hair, etc.). In the pleural cavity of a dog which 
died from pulmonary gangrene Mori found six ascarid worms which had 
entered the lung during vomiting. Hobmaier found thick-walled cavities 
filled with sand in the lung of an emaciated cow, probably the result of 
the forced introduction of sand by a layman. 

Aspiration pneumonia occurring from the entrance of fluid nutri- 
ments or drugs into the air passages may occur as the result of unskilful 
administration of draughts, especially when the tongue is drawn out, 
excessive quantities are given all at once, thé nares compressed, or the head 
raised too high, or when such fluids are SNORE during coughing or 
bellowing, or by the nostrils. 

Of the different forms of pneumonia, croupous pneumonia most 
frequently leads to gangrene in horses and swine; broncho-pneumonia 
more rarely. Abscesses and caseous foci in the lung (tuberculosis, 
echinococci, etc.) may also undergo putrefaction. In gangrenous and 
ulcerative destruction of other organs (intestine, bones, hoofs) infected 
emboli may reach the lungs and cause gangrenous inflammation. 

Wounds of the lung, fractured ribs, and in cattle foreign bodies entering 
the lung from the stomach or pericardium, sometimes cause pulmonary 
gangrene by introducing putrefactive bacteria into the damaged lung 
tissue, but occasionally they may give rise to simple chronic pneumonia, 
or aacanersrlliy the foreign body may be coughed up. 

Pathological Anatomy. Usually situated in the anterior and in- 
ferior parts of the lung are found gangrenous foci, of a dirty brown or 
yellowish-brown colour, and of slimy consistence throughout or at their 
periphery, and emitting a sweetish foetid odour. Similar masses are 
found in the bronchi, the mucous membrane of which is of a dirty red or 
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slate-grey colour. ‘The surrounding lung tissue shows the usual conditions 
of catarrhal or croupous pneumonia. In cases with cavitation the inner 


surface of the cavities is ragged and covered with a slimy feetid deposit. 


In their early stages these cavities are surrounded by a yellowish necrotic 
or purulent zone, at a later stage by grey indurated connective tissue. 
Gangrenous foci situated near the surface often cause purulent or putrid 
pleuritis, and after rupture purulent pneumothorax. 

Symptoms. The earliest symptom is usually a mawkish odour of 
the breath, which at first is only apparent in the immediate neighbourhood 
of the animal or on coughing, but later can be recognised at a distance, 
unless the foci be enclosed on all sides. ‘There is also a reddish-brown, 


Fic. 151.—NAasAL DiscHARGE IN PULMONARY GANGRENE OF A HORSE. 


a, Elastic fibres; b, pus cells; c, bacilli; d, cocci. 


greyish-red or greenish nasal discharge which is increased by coughing 
or lowering the head, and also emits a putrid odour. Microscopic 
examination of this secretion shows tissue detritus, fat droplets, needle- 
shaped fatty crystals, brown or black pigment, sometimes pus cells and red 
blood cells, numerous bacteria of various kinds, and elastic fibres some- 
times arranged in alveolar formation. These are easily found by boil- 
ing the secretion with 10 per cent. caustic potash and allowing it to stand 
(Fig. 16): } 

Dyspncea is always present. Percussion resonance may be unchanged 
where the central parts of the lung only are affected, but there is often a 
tympanitic note in the region of the anterior and inferior parts of the lung. 
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The presence of cavitation is sometimes revealed ‘when tympanitic or 
metallic sounds are heard over a circumscribed area, probably together 
with metallic rales and bronchial breathing, and also by the presence of 
splashing sounds. ‘The temperature usually rises above 40° C. and then 
becomes remittent (Fig. 152). In aspiration pneumonia it may rise only 
to a moderate degree for a few days. The pulse is rapid, small and 
eventually thready. Rigors and sweating, lassitude and stupor, and 
finally severe diarrhoea supervene towards the end of the course. Pleuritis 
is often present and occasionally pneumothorax or pulmonary hemorrhage. 

Course. When pulmonary gangrene follows pneumonia it is preceded 
by symptoms of the primary disease. In the case of croupous pneumonia, 
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the occurrence of such a complication is indicated by retardation of resolu- 
tion, hepatisation or a rise in the already falling temperature. ‘The presence 
of gangrene may be readily recognised by the characteristic odour or 
by signs of cavitation in the lung, in which cases the gangrene makes 
rapid progress and leads to a fatal termination in 2 or 4, or at the latest 
8 days. 

Diagnosis. The only pathognomonic sign of pulmonary gangrene 
is the presence of fragments of lung tissue or elastic fibres in alveolar 
arrangement in the nasal discharge or sputum. Nevertheless a presump- 
tive diagnosis may be made from the characteristic odour and signs of 
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cavitation in the lungs, especially when the odour occurs in the course 
of a pneumonia or in connection with pneumonia following disturbances 
in deglutition. In putrid bronchial catarrh there is an absence of high 
temperature and signs of pulmonary infiltration. In bronchiectasis the 
abnormal percussion resonance remains unchanged and general symptoms 
are of slight degree. In gangrene of the upper air passages, in addition 
to the putrid odour, local symptoms are present. Also signs of pulmonary 
affection are absent, and general symptoms are not severe. 

Prognosis. In rare cases recovery may take place after encapsula- 
tion of the gangrenous area. ‘This is most likely to occur in cattle and 
swine. As a rule death takes place from general septic infection. In 
a case reported by Bergmann in a cow which had previously been 
apparently healthy a putrid fluid was evacuated from the nose (a fistula 
having formed between a gangrenous kidney and one of the bronchi). 

Treatment. An attempt to check the putrefactive process may be 
made with inhalations of atomised antiseptic solutions or intratracheal 
injections, but such practice is quite useless and should not even be 
attempted. ‘Treatment is essentially symptomatic and consists in main- 
taining the strength, regulating the heart, and checking cough and 
diarrhcea. | 

In cases in which pulmonary gangrene is suspected in that the exhaled 
air has a foetid odour, inhalations or intratracheal injections of antiseptics 
are useless and even contra-indicated. In cases in which there is diffi- 
culty in deglutition great care must be observed in the forcible adminis- 
tration of draughts. 


11. Chronic Interstitial Pneumonia (Pneumonia Interstitialis 
Chronica) 


(Pneumonia indurativa ; Sclerosis pulmonum ; Cirrhosis pulmonum) 


‘Etiology. As a primary disease this form of pneumonia occasionally 
occurs in older horses and cattle. ‘To this category probably belongs the 
lardaceous pneumonia of horses described by Dieckerhoff, which appears 
to be due to infection. According to Bang and Heidrich, this form of 
pneumonia has no relation to tuberculosis, but Rabe found tubercle 
bacilli in one case, and according to Goltz, pulmonary tuberculosis in the 
horse almost always develops in the form of lardaceous pneumonia and 
lymphomatosis with a rich bacillary content. It is also stated by Zwick 
and Zeller that in the horse tuberculosis sometimes appears in the lungs in . 
the form of sarcoma-like nodules with a uniform lardaceous appearance, 
without caseation or calcification. The form of pneumonia described 
by Griiter as following bronchitis scleroticans in horses has also a re- 
semblance to this condition. Pulmonary tuberculosis associated with 
tuberculosis arthritis in dogs also develops as a chronic induration 
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of the lung in which tubercle bacilli are present. Bennett has described 
a primary chronic interstitial pneumonia in horses and mules in which 
the Cryptococcus farciminosus was found. The form of chronic pneumonia 
known as pneumoconiosis, which may be diffuse, but is more usually 
circumscribed, is caused by the inhalation of foreign bodies in the form of 
dust (vegetable particles, silica, lime or coal dust). ‘Titze found peri- 
bronchitis in several cows due to the aspiration of coal dust. Larger 
foreign bodies rarely cause interstitial pneumonia. In a horse with 
bronchiectasis and a periodical purulent nasal discharge, Schmidt dis- 
covered a traumatic inflammation of the stomach, diaphragm and lungs. 

In the majority of cases chronic pneumonia is secondary to chronic 
bronchial catarrh (in cattle, swine and sheep) by extension of the newly 
formed connective tissue to the interlobular tissue. A similar origin 
has been ascribed to polyadenomatous proliferation in sheep and 
cats, although they should rather be regarded as tumours of the lung. 
Chronic pneumonia may also originate in atelectatic foci, and also 
from delayed resolution of acute pneumonia, abscesses, gangrenous and 
caseous foci, animal parasites, tumours, chronic pleuritis, tuberculosis, 
and occasionally glanders and actinomycosis. 

Pathological Anatomy. In simple chronic pneumonia the affected 
parts of the lung are of firm consistence and contain little air. On section 
fibrous bands are seen between lobules still containing air, or a portion of 
the lung may be transformed into an almost homogeneous mass of dense 
airless tissue, in which a few scattered islands of air containing tissue may 
be left. Sometimes caseous foci or abscesses are present. In the lung of 
a cow Joest found foci of osteoplastic inflammation, Bugge observed 
deposits of lime in the carcase of a cow, and Zschokke osteoplastic foci 
in cattle and goats. 

In lardaceous pneumonia the upper portions of the lungs are dense and 
nearly airless, and of a uniformly greyish or yellowish-grey colour and 
lardaceous, while the lower and anterior portions usually contain only 
isolated: nodules. Microscopic examination shows proliferation of the 
alveolar epithelium, connective tissue proliferation, and compression of 
the alveoli. ‘The changes somewhat resemble those of multiple adenoma 
of the lungs in sheep, and also those of focal pneumonia following bronchitis 
scleroticans in horses. In this affection there are usually large foci of 
lardaceous and fibrous tissue, but the connective tissue proliferation 
commences in the peribronchial tissue and extends along the bloodvessels 
into the alveolar tissue (broncho-pneumonia fibroplastica, Griiter). 

In pneumoconiosis are found fibro-calcareous nodules or strands, or 
else the picture of broncho-pneumonia. After coal-dust inhalation slate- 
black spots are also observed. ‘The anatomical findings usually include 
bronchial catarrh and chronic pleuritis. 

Symptoms. Owing to the contraction of the newly formed connec- 
‘tive tissue the respiratory surface of the lung is diminished and also its 
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power of expansion. When considerable areas of lung tissue are affected 
this process causes dyspnoea and consequent fatigue during exertion. 
There are usually signs of chronic bronchial catarrh, with cough, dry 
rales and sibilant rhonchi, which become pronounced after exertion, 
deep breathing or coughing, or after temporary closure of both nares. 
Later, the general state of nutrition deteriorates. 

By comparison of the percussion resonance over both lungs definite 
dulness, and sometimes a tympanitic note, can usually be detected over 
the anterior and inferior part of the thorax, generally behind or below 
the scapula. Vesicular breathing is usually weak or absent, and in some 
cases bronchial breathing or an intensified and prolonged expiratory 
sound is heard. Owing to the obliteration of numerous pulmonary 
capillaries the second arterial pulmonary sound is accentuated. 

The disease usually runs an afebrile course, although transient rises 
of temperature may be caused by the bronchial catarrh which is almost 
always present. 


Lardaceous pneumonia in the horse is manifested at first by decreased 
appetite, lassitude, cough, emaciation, increasing rapidity of respiration and 
dyspnoea, with the characteristic signs of broken wind. After several weeks 
dulness on percussion can be detected over the upper part of the thorax, with 
weak or absent vesicular breathing and rales. According to Bang, there is 
probably always some degree of chronic alveolar emphysema. A raised 
temperature and increased pulse rate are observed when the disease has existed 
for a long time or after heavy work. ‘The course of the disease is always slow 
and insidious, and in 6 months to a year the dyspnoea becomes so great as to 
render the animal incapable of work. 


Diagnosis. In every slowly progressing affection of the lungs chronic 
interstitial pneumonia must be kept in mind, but a definite diagnosis 
can be made only in comparatively rare cases. The chief difficulties 
are the exclusion of echinococcosis and tumours. ‘The diagnosis is 
- easier when a chronic affection of the lungs follows catarrhal or croupous 
pneumonia or pleuritis. In cattle and other animals tuberculosis can be 
excluded by the tuberculin test or ee es examination of the 
sputum. 

Treatment. Curative treatment is hopeless, but the condition of 
the animal can be improved by good management, including careful 
dietary and the progress of the disease retarded by treatment of the 
bronchial catarrh. Subcutaneous injections of fibrolysin may be tried 
(for large animals every 2 to 4 days 11°5 c.c., for dogs 2 c.c.; in horses 
also intravenously) or a ro per cent. solution of thiosinamine with 5 per 
cent. sodium salicylate. Food animals should be slaughtered when their 
condition has sufficiently improved. 
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12. Echinococci in the Lung (Echinococcosis Pulmonum) 


Incidence. Echinococcosis, including that of the lungs, has a wide 
distribution, and in affected areas occurs in varying incidence. It is 
common in ruminants and swine, but rare in the horse. 

AEtiology. Echinococci or hydatids are the larval stage of the tape 
worm, Lchinococcus granulosus, parasitic in the dog, the oncospheres of 
which are conveyed in the blood from the intestine to the lungs and other 
organs, where they develop into hydatids and slowly increase in size. 
Infection takes place through ingestion of the tape-worm eggs with food 
or drinking water. 

Pathological Anatomy. In some cases only a few echinococcal 
cysts are found in the lungs, but in others they are present in such large 
numbers that the weight of the lungs is considerably increased (78 pounds 
in a case observed by Findeisen in a cow, and in a case seen by Schlegel 
the cyst was the size of a large bucket). 

The surface of the lung is uneven owing to the presence of encapsu- 
lated cysts containing a clear, yellowish fluid. The cysts rarely bear 
scolices, but more frequently contain daughter cysts. Small dry caseous 
nodules or foci with mortar-like contents are also found in the lungs. 
These resemble tuberculous foci, but can be distinguished from them by 
the presence of hooklets or the folded parts of the characteristic chitinous 
envelope of the cysts. ‘The lung tissue surrounding the cysts is flaccid 
and almost or entirely airless. chinococcus alveolaris was found by Ostertag 
in the lungs of a cow. Echinococci usually are also present in other 
organs, especially the liver. 

Symptoms. Echinococcal invasion of the lung is of gradual develop- 
ment and may remain unnoticed for a long time, except in cases of 
severe Invasion, when it gives rise to respiratory troubles and frequent 
feeble cough. Occasionally a cyst may rupture into a bronchus or the 
pleural cavity, discharging fluid in which fragments of the chitinous 
envelope can be detected. ‘The symptoms are aggravated by fatigue and 
over-exertion. 

When the cysts are small and few in number or deeply situated the 
percussion resonance is unchanged, but when numerous, large or near 
the surface they give rise to areas of dulness, more rarely a tympanitic 
sound. A cracked-pot sound is often elicited. Metallic tinkling may be 
heard, but only exceptionally over cysts which have ruptured. In the 
areas of dulness vesicular breathing is diminished and rales and rhonchi 
of various kinds are heard, including the sound described as “*‘ quurksen ”’ 
by Harms, which is said to resemble that produced by rolling and pressing 
a lung containing echinococcal cysts. ‘The general health is only affected 
in severe cases, and especially-in those in which the liver is also involved. 

Diagnosis. A characteristic feature is the slight disturbance of 
general nutrition compared with the relatively severe respiratory symp- 


PULMONARY ECHINOCOCCOSIS 599 


toms. Concomitant enlargement of the liver suggests echinococcosis. For 
rapid diagnosis Ithuriat recommends an intradermal allergic test with 
the fluid from cysts obtained from slaughtered animals. ‘This fluid, which 
can be used fresh or can be kept in sealed ampoules for months, produces 
a reaction after 15 minutes, and the result can be confirmed by the com- 
plement fixation test and the presence of eosinophilia. In distinction to 
echinococcosis, in pulmonary tuberculosis the cough is at first more 
severe and often spasmodic, the temperature is often raised, bronchial 
catarrh is pronounced, and the general condition undergoes early 
deterioration. Contagious pleuro-pneumonia of cattle differs in that 
there is more extensive dulness and bronchial breathing, and by its more 
rapid and febrile course. 

Treatment. Curative treatment is impossible, and consequently 
early slaughter is advisable. 


Other Parasites in the Lungs. Fasciolosis (distomatosis) of the lungs 
is common in cattle, rare in sheep, and exceptional in the pig, horse, ass, 
buffalo, and dromedary, and is caused by the penetration of the cercarie of 
Fasciola into the pulmonary vessels. 

In addition to hemorrhagic foci in fresh cases, the parasites give rise to 
spherical foci, the size of a walnut to an apple, with fibrous and 
sometimes calcified capsules and yellow or olive green viscid 
contents in which one or more fasciole and their ova can be 
found. ‘These foci are usually present in the posterior lobes 
of the lungs, and in sheep and calves they may be surrounded 
by an area of hemorrhagic infiltration of the lung tissue. 
Clinical symptoms may be absent or limited to cough, some- 
times with rales. Emaciation develops only when the liver 
is also affected. Fic. 153.—Ovum 

Paragonimus westermannii (lung fluke), belonging to.the — 0F Paragonimus 
family Troglotrematide of the trematode worms, is 3 to = @s//mannit. 
16 mm. long, 4 to 8 mm. wide, with ova measuring 85 to 
roo » X 50 to 67 » (Fig. 153).. It is found in Eastern Asia, North and 
South America, New Guinea, and probably also in Italy in swine, more 
rarely in dogs, cats, cattle and goats. McGaughey observed a fatal case 
in a tigress. It is still uncertain whether the different forms of Paragonimus 
which have been described are only variants of the same species. ‘The develop- 
ment of the worm takes place through two intermediate hosts, which, in addition 
to melaniid snails, include several fresh-water crustacea, by which infection can 
be transmitted. Infection may also take place from drinking water containing 
the larve. The ingested cercarie are conveyed to the lung and some may 
reach other organs (¢.g., the brain). In the lungs they form indurated nodules 
the size of a pea or larger, surrounded by inflamed lung tissue, and each in 
connection with a bronchial tube, in the form of gelatinous clumps. Some may 
also be found in the catarrhal exudate. 

The clinical symptoms produced by these parasites include cough, with 
sometimes haemorrhagic expectoration containing the ova of Paragonimus. 
Minks imported from America to Europe suffer a high mortality (20 per 
cent.) from invasion by P. kellikotti. Prophylactic measures consist in 
the destruction of all infected lungs and the provision of pure drinking 
water. 
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In fowls Neumann found cysts containing Dithyridium variable, which is 
probably a larval form of Mesocestoides. 

Linguatulosis of the lungs is caused by the larve of Linguatula rhinaria (Penta- 
stomum denticulatum s. Linguatula serrata), and infests goats, roe deer and cattle. The 
larve penetrate the pleura and form numerous hemorrhagic foci in the lungs, 
which sometimes cause fatal cachexia. 

Worm nodules and Cysticerct are sometimes found in the lungs of horses and 
cattle, but have no clinical importance. According to Angeloff, 92:5 per cent. 
of grey translucent nodules found in horses are caused by Sérongylus larve, 
but Pérard and Descazeaux and others found nodules the size of a hazel nut 
caused by Habronema larve; these were particularly prevalent during the 
summer months. 


13. Neoplasms of the Lung (Tumores Pulmonum) 


Tumours of the lung are not very rare, but have little clinical importance. 
The most common are carcinoma and adeno-carcinoma (especially in 
dogs), sarcoma and melano-sarcoma, and these are usually metastatic. Fibroma, 


Fic. 154.—ENLARGED TUBERCULOUS MEDIASTINAL LyMPHATIG GLANDs IN A Dos, 


, Tumour-like mass; 2, trachea; 3, heart; 4, diaphragm and liver. 


lipoma, chondroma, osteoma and dermoid cysts may also occur, and in the. 
horse botryomycoma. 

The symptoms, which are very indefinite, consist in dyspnoea, an obstinate 
cough and bronchial catarrh, and focal areas of infiltration in the form of 
chronic interstitial pneumonia. Multiple tumours of the lung cause severe 
dyspnoea (in a case of sarcoma in a horse observed by Froéhner the condition 
was associated with pulmonary emphysema). In other cases they cause symp- 
toms of venous congestion by pressure on the heart and large vessels, or cause 
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stenosis of one of the larger bronchi. Intrathoracic tumours can be easily 
detected by radiography in small animals (Fig. 154), and when situated behind 
the scapula also in larger animals. 

The diagnosis sometimes depends on the presence of a primary neoplasm 
in another part of the body; in dogs, often a carcinoma of the thyroid gland. 
In the differential diagnosis chronic enlargement of the thoracic lymphatic 
glands must be excluded. 

In some cases tumours can be removed by pneumectomy. 

Proliferation of the alveolar epithelium sometimes gives rise to the formation 
of grey or greyish-red nodules of lardaceous consistence in the bronchioles in 
sheep and cats. ‘These nodules, which sometimes become confluent and form 
tumours, are named “ multiple adenoma” by Eber and Prosch, and ‘“ poly- 
adenoma bronchiale ”’ by Ball. In sheep they result from broncho-pneumonia 
and give rise to no symptoms. In cats, Ball observed rapid and laboured 


respiration, cough and pulmonary emphysema, but no change in the general 
condition. 


SECTION V 
DISEASES OF THE PLEURA 


1. Inflammation of the Pleura (Pleuritis) 


Etiology. Primary pleuritis is seldom encountered; it is of infective 
origin and occurs in association with accessory causes such as exposure 
to cold, over-exertion and fatigue resulting from rail or ship transport. 
Secondary pleuritis may be of infective or toxic origin and in either case 
associated with predisposing factors. It often arises in the course of 
septicemia due to bacteria of the Pasteurella group, and is also caused 
by pyogenic bacteria, the tubercle bacillus, and in certain regions by 
the infective agent of contagious pleuro-pneumonia of cattle. In the 
horse it is sometimes caused by Pfeiferella mallei, in cattle and swine by 
Corynebacterium pyogenes, in the dog by Leptothrix buccalis, and in swine by 
Erysipelothrix rhustopathie. In the dog the Streptothrix (Actinomyces) canis is 
a more common cause of pleuritis. Other bacteria which may be con- 
cerned in its etiology are the micro-organisms of infectious coryza of 
rabbits (q.v.), streptomycosis of sheep, influenza of geese, and those 
causing inflammation of the serous membranes in guinea-pigs (minute 
rods often resembling cocci belonging to the group of hemophilic bacteria, 
to which Roth has given the name of Bacterium caviarum pericarditidis). 

Bacterial infection of the pleura seldom results from external wounds 
or direct violence to the thorax (kicks, crushing, falls or fracture of the 
ribs), more frequently from internal injuries caused by foreign bodies 
from the stomach (reticulum) and cesophagus, or aspirated into the 
bronchi, which have penetrated the lung and reached the pleura. (Hanson 
records a case in a dog in which the foreign body was an awn of rye.) 
In the great majority of cases, however, pleuritis develops by extension 
from inflammatory processes in the neighbouring organs, usually in the 
course of pneumonia. Pleural infection by the tubercle bacillus may 
occur in pulmonary tuberculosis. In cattle this generally gives rise 
to *‘pearl nodes”’ pleurisy, more rarely to pleural effusion; on the other 
hand, in dogs usually subacute or chronic serous or sero-purulent pleuritis 
(according to Cadeéac, this condition in dogs is of tuberculous origin in go 
per cent. of cases, and according to Schornagel and Marek in practically 
all cases). [he same condition occurs in connection with tuberculosis 
of the intrathoracic lymphatic glands. In cats tuberculous pleuritis is 
rare. 


Further conditions which may lead to pleurisy are pulmonary glanders, 
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bronchial catarrh, suppuration in the mediastinal lymphatic glands in 
strangles, laceration of the oesophagus, pericarditis (in cattle often caused 
by foreign bodies), necrosis of the ribs and sternum. Occasionally acute 
peritonitis may be the source of infection (according to Guittard this is 
not uncommon in poultry). Sometimes infectious material is conveyed 
to the pleura by the circulation in the course of infective diseases, especially 
Pasteurella septicemia, pyemia and rheumatic affections, pox, etc. 

Exceptional causes of pleuritis are chemical substances circulating 
in the blood (bacterial toxins, urinary constituents in nephritis), mechanical 
irritation caused by tumours or parasitic worms (in the dog and cat, 
Dithyridium elongatum; in herbivora, Cysticercus tenutcollis; and in the dog, 
ascarids penetrating from the bronchi). 

Pathogenesis. The micro-organisms or toxic substances carried 
in the lymphatics or blood stream cause inflammatory dilatation of the 
capillaries and loosening of the endothelium, resulting in fibrinous and 
cellular exudation. The fluid portion of the exudate is soon absorbed 
in the region where the pleura remains normal (chiefly the mediastinal 
portion, according to Aoyama) and the fibrin deposited on the pleural 
surface. With greatly increased exudation, however, the absorption 
cannot keep pace and the fluid accumulates in the pleural cavity. The 
lysins normally present, and increased in quantity by the influence of the 
infective process, cause gradual lysis of the solid constituents and: bacteria 
in the exudate; on the other hand, long-continued irritation and the 
presence of large quantities of exudate lead to a new formation of 
connective tissue. Bacteria which escape lysis may cause an increasing 
immigration of leucocytes and eventually render the exudate puru- 
lent. 

The absorbed bacterial endotoxins and products of protein disintegra- 
tion give rise to fever, and the irritation of the nerve endings in the 
inflamed pleura to cough and stabbing pain with rapid or shallow respira- 
tion. Separation of the layers of the pleura by fluid exudate and fibrin 
masses relieves the pain, but an accumulation of fluid exudate causes 
dyspnoea from collapse and compression of the lung. The blood circula- 
tion is influenced by the toxins and products of protein disintegration 
absorbed into the blood, and also by the reflex action of the pleuritic 
pain; the cardiac action impaired through interference with the cardiac 
diastole, reduced by negative intrathoracic pressure, and thus preventing 
the proper flow of blood into the ventricles; finally, also by the marked 
diminution of the respiratory excursions of the lung. 

Pathological Anatomy. In acute pleuritis the surface of the pleura 
is dull, rough, dry, hyperemic and covered with a meshwork of fibrinous 
exudation, or sometimes a thick, friable, loosely adherent deposit (pleuritis 
fibrinosa s. sicca). In other cases there is an abundant sero-fibrinous 
exudate in the pleural cavity (pleuritis sero-fibrinosa), sometimes only 
yellowish-red or greenish, clear fluid (pleuritis serosa). In more advanced 
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cases the pleura is several millimetres thick, with an uneven or villous 
surface covered with masses of fibrin. In cases with effusion the amount 
of fluid varies considerably; in the horse it is usually 15 to 20 litres (Gosier 
observed a case with 60 litres and Holmes one with 155 pounds of fluid); 
in the dog it averages } to 5 litres, and in the pig 2 to 10 Litres. 

Sometimes the exudate is purulent (pleuritis purulenta s. pyothorax s. 
empyema) or blood-stained (pleuritis hamorrhagica), or putrescent from 
the presence of putrefactive bacteria (pleuritis ichorosa). 

Large accumulations of fluid cause atelectasis by compression of part 
of the lung, which then appears smaller in size and more or less airless, 
and has a dark red colour and fleshy consistence (splenisation). 

Chronic pleuritis commences with the formation of vascular granulation 
tissue (pleuritis granulosa), which gradually becomes fibrous (pleuritis 
fibrosa s. productiva) or leads to adhesions between the two layers of the 
pleura (pleuritis adhesiva). In cases of tuberculous origin some of the 
granulations resemble papillomata. In a cow Kowalewsky found pleuritis 
ossificans. The fluid exudate in chronic pleuritis may be serous, hemor- 
rhagic or purulent; in the latter case it is generally enclosed in a capsule 
and usually caused by the Cory. pyogenes or by foreign bodies. In the 
horse there is sometimes observed a form of chronic serous pleuritis with 
abundant serous exudate, occasionally containing a little pus and thick 
fibrinous deposits permeated by numerous small abscesses (streptococcal 
pleuritis). : 

Symptoms. The znitzal stage in primary pleuritis is manifested by 
general symptoms (loss of appetite, lassitude, shivering, roughness of the 
coat, signs of anxiety) and fever, and in horses occasionally by slight 
colic. In secondary pleuritis these premonitory symptoms are masked by 
those of the primary disease. 

At the commencement of every form of pleuritis the respiration 
is accelerated and shallow and more often abdominal than costal in type. 
The pulse rate is usually increased, and there is often tenderness to pressure 
over the region behind the elbow, where fremitus can sometimes be felt 
on palpation. A weak painful cough is often present and can be elicited 
by percussion. ‘The percussion resonance in primary pleuritis is at first 
unchanged, but vesicular breathing is diminished in intensity. Pleural 
friction sounds are often heard, usually with short intermissions; these 
sounds may be soft, grating, rattling or creaking. ‘The pleuro-pericardial 
sound caused through friction between the parietal layer of the pericardium 
and the adjacent visceral layer of the pleura (pericarditis externa) follows 
the rhythm of the heart, but is also influenced by respiration, as it 
is only heard during the heart beat coinciding with inspiration or 
expiration. 

In pleuritis with effusion the respiration is deep and laboured, and in 
severe cases abdominal respiration is pronounced. In horses, oedema 
of the anterior and inferior regions of the thorax and lower abdomen is 
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often present. The pain on pressure or percussion over the intercostal 
spaces diminishes or disappears, but a painful cough persists. ; 

A diagnostic sign is the presence of dulness to percussion limited by a 
horizontal line extending to the posterior border of the lung on one or both 
sides, which diminishes or disappears when the animal lies cn its side. In 
small animals this change in the level of dulnesscan be demonstrated in other 
alterations of position (Figs. 155, 156). When the exudation is encap suled 
or when the whole of one side of the thorax is filled with the fluid these 
changes in percussion dulness do not occur, but at the same time dulness 
is present also in the lower third of the thorax on the opposite side, because 
a large fluid exudation on one side of the thorax causes displacement of 
the mediastinum to the opposite side, so that it 1s brought in contact 
with the lower part of the thoracic wall. ‘Tympanitic resonance is heard 
occasionally after temporary diminution of the fluid. In the area of 
dulness the friction sounds present in the early stage are suppressed, as 
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well as other respiratory sounds, but after previous adhesion of the lung 
to the thoracic wall bronchial breathing is often heard in this area as well 
as at the upper limit of dulness. Under the same conditions bronchophony 
can be heard during spontaneous coughing and moaning, or can be pro- 
duced artificially by pressure on the arytenoid cartilages while auscultating 
the. area of dulness. The bronchophony is less pronounced and more 
distant than that heard in croupous pneumonia. ‘The same applies to 
the tracheal percussion sound (see p. 563). 

According to Marchand and Séjournant, the coin test is useful in the diagnosis of early pleural 
effusion. When a coin held over an intercostal space is struck with another coin held vertically, 
or preferably with the metal part of a percussion hammer, and the corresponding place on the 
opposite side auscultated at the same time, the percussion sound over an area of pleuritic effusion 
sounds clearer and more metallic. 

Radioscopic examination also shows the presence of pleural exudation, 
and in small animals its variation in different positions. 
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The cardiac impulse on the affected side is often diminished and the 
heart sounds dull and weak. The temperature curve follows no definite 
type (Figs. 157, 158). At a later stage it may show great variations, 
and in less acute cases there are sometimes afebrile intervals lasting 
even several days. In purulent pleuritis the temperature is usually 
high. Continuous standing during the course of the disease is often 
observed in horses. The appetite is variable and in advanced cases 
emaciation develops. The urine, and also its content in chlorides, 1s 
at first diminished in quantity at the time of fluid effusion, but rises 
again when the fluid is absorbed (urinary crisis). Albuminuria is often 
present. 

Complications. The most frequent complication is pericarditis, 
which is often fatal. Delacroix found embolism of the pulmonary 


Fic. 156.—HorIzonTaL Limit oF DULNEss IN PLEURITIS WITH EFFUSION IN THE SITTING 
POSITION. 


The same dog as in Fig. 155. 


arteries in a horse resulting from thrombosis and kinking of the posterior 
vena cava. In purulent pleuritis an abscess sometimes develops in the 
thoracic wall and may rupture externally or through a cavity in the lung 
into a bronchus, the trachea, oesophagus or mediastinum. 

Pleuro-peritonitis of fowls is manifested by lassitude, reduced appetite 
and retarded digestion, followed in a few days by severe prostration, 
pallor of the comb and dyspnoea. Death occurs after the onset. of 
severe watery diarrhcea. 

In chronic pleuritis with extensive adhesions vesicular breathing is weaker, 
but percussion resonance is unchanged. In cases with serous or purulent 
effusion due to certain causes, such as over-exertion or exposure to cold, 
an acute exacerbation takes place, with tenderness of the thoracic wall, 
pronounced dyspnoea, a dry cough, moderate rise of temperature, and 
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increased dulness on percussion. Displacement of the heart by the fluid 
alters the position of the apex beat and causes changes in the intensity of 
the heart sounds. Signs of venous congestion (distension of the veins, 
a presystolic venous pulse and oedematous infiltration) are also present. 
The general nutrition deteriorates, 
and eventually the animals die from 
emaciation, exhaustion and cardiac 
failure. 

Course. Mild cases of fibrinous [rors] 
-pleurisy may run a rapid course of 
only a few hours and be manifested 
only by soft friction sounds and tender- 
ness of the thoracic wall, or may 
recover without any symptoms being 
discovered. Cases with pleural effu- 
sion with extensive dulness to per- 
cussion may also recover, but usually 
leave adhesions of varying degree and 
permanent impairment of respiration, 
especially when there are adhesions 
over the inferior and posterior third 
of the lung or its posterior margin. 
Sometimes the accumulation of fluid F's. 157.—TEmpPerature, Purse anp Res- 

: d : PIRATION CURVES IN PRIMARY PLEURITIS 
leads to a fatal termination in 2 to 3 Reet cn Peer 
weeks from asphyxia, exhaustion or 
cardiac failure. Death may occur in cats from excitement caused by 
examination, and also in any animal when there is an excessive ac- 
cumulation of fluid and if during examination they are laid on the 
healthy side. ; 

Diagnosis. The characteristic signs of fibrinous pleuritis are friction 
sounds heard synchronously with respiration and tenderness to pressure 
and percussion of the thorax. From intercostal rheumatism (pleurodynia) 
fibrinous pleuritis is distinguished by the friction sounds and the general 
symptoms, including acceleration of the pulse, with rapid and shallow and 
often trembling respiration. In affections of the ribs (fracture, periostitis, 
caries) there is a local painful swelling and an absence of general 
symptoms. 

In pleuritis with effusion the characteristic signs are pronounced dulness 
on percussion limited above by a horizontal line, increased resistance on 
palpation and an absence of respiratory sounds. In croupous pneumonia 
the dulness is limited by a curved line, or rises and descends posteriorly; 
. bronchial breathing is heard at any rate in.some places, bronchophony 
is accentuated and the tracheal percussion sound well conducted (p. 563). 
The temperature curve is often characteristic. In broncho-pneumonia 
a continuous area of dulness is exceptional. As regards the diagnosis 
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from pleuro-pneumonia, the form of the margin of dulness is not distinc- 
tive, because infiltration of the lung combined with the presence of fluid 
produces a curved boundary line to the area of dulness; more important 
signs are weakness of the heart sounds and the occurrence of cedema in 
the lower part of the thorax and abdomen, the quality of the tracheal 
percussion sound and bronchophony. The exclusion of contagious 
pleuro-pneumonia of cattle depends to a great extent on the concomitant 
conditions, such as the possibility of introduction of contagion. Pleuritis 
is distinguished from fibrinous pericarditis by the cardiac impulse being less 
intensified and arhythmic and the friction sounds being usually unilateral. 
{n pericarditis with effusion the cardiac impulse and heart sounds are 
markedly diminished in intensity. 

Purulent pleuritis may be assumed in the presence of purulent inflam- 
mation of the neighbouring organs, or after a penetrating wound of the 
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Fic. 158.—FEVER, PULSE AND BREATH RATE CURVE IN SECONDARY PLEURITIS OF A 
HORSE FOLLOWING CRoUPOUS PNEUMONIA. 


thorax. Chronic affections of the lung (tuberculosis, glanders, actino- 
mycosis) and also cachectic conditions may give rise to fibrinous or sero- 
fibrinous pleuritis, often of a hemorrhagic character. In cases of doubtful 
diagnosis an exploratory puncture should be made in the sixth or seventh 
intercostal space. 

Prognosis. ‘This depends upon the cause of the pleuritis, the nature 
of the exudate, and the species and age of the animal. Fibrinous pleuritis 
associated with croupous pneumonia is of no importance, but effusion 
of fluid is always an unfavourable sign, as it often leads to a fatal ter- 
mination or leaves pleural adhesions. High temperature with rigors, 
prostration and rapid accumulation of fluid also indicates an unfavourable 
termination. The possibility of relapses must always be borne in mind. 
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Purulent pleuritis usually terminates fatally. Relapses and _ persisting 
dulness preclude the possibility of complete recovery. 

Treatment. Favourable hygienic conditions and a nourishing diet 
on the same lines as in croupous pneumonia (q.v.) are of great importance. 
In the early stage with signs of pleural friction the application of cold 
water or ice compresses is beneficial. Revulsive treatment by counter- 
irritant applications to the skin, often after previous venesection as practised 
by French veterinarians, also autoserotherapy by the subcutaneous injec- 
tion of the withdrawn pleural exudate, have not given encouraging results 
in the hands of the authors. Chiari and Januschke recommend the oral 
administration of calctum preparations with a view to checking the exuda- 


Fic. 159.—EXUDATE IN SERO-FIBRINOUS PLEURITIS OF A HORSE. 


a, Polynuclear leucocytes; 6, red blood cells; c, fatty endothelial cells. 


tion, especially calcium chloride and calcium lactate (for dogs 0-5 to 
1‘°O gramme, for horses 10 to 20 grammes in a 2 to 4 per cent. solution, 
continued for several days). 

In the later stages moist, warm compresses are indicated, and in 
retarded absorption of the exudate frictions with 6 to 10 per cent. mustard 
or chloroform liniment in the region of dulness. In cases with marked 
tenderness of the chest wall and troublesome cough nerve sedatives may 
be exhibited, and in cases with high temperature antipyretics, also diuretics 
to hasten elimination of the effusion. Other remedies which may be tried 
are thiosinamine in ro per cent. solution with 5 per cent. sodium salicylate 
(fibrolysin), in doses of 1-0 gramme for large and 0:05 to 0-10 gramme for 
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small animals, daily or every second day. Mild laxatives may also be 
beneficial. 

The most certain method of removing the fluid is by puncture of the 
pleura in the sixth or seventh intercostal space, repeated if necessary. 
This may be performed by a simple trocar and cannula or by means of 
an aspirator. The amount of fluid which can be removed in this way 
may be 40 to 50 litres in large animals. Occasionally after the removal 
of a large quantity of fluid death may take place from cardiac paralysis 
or capillary hemorrhage. In moderate degrees of effusion the removal 
of 4 to 5 litres in large and 0-25 to 0-5 litre in small animals may be 
sufficient. 7 

Purulent pleuritis does not often heal after simple puncture even when 


Fic. 160.—PLEURAL EFFUSION IN A Doc. 


a, Horizontal limit of fluid; 6, aerated lung. 


combined with irrigation of the pleural cavity with antiseptic solutions 
(2 to 4 per cent. boric acid, etc.). Bergeon, however, obtained a good 
result by irrigating with dilute Lugol’s solution (60 tincture of iodine, 
20 iodide of potassium, 10,000 parts of boiled water). In the majority 
of cases of purulent exudation resection of a rib is necessary, followed 
by irrigation. In human medicine Bilau’s siphon drainage is used, in 
which 200 to 250 c.c. of pepsin hydrochloric acid is introduced into the 
pleural cavity with the object of liquefying the thick or fibrinous exudate. 


2. Hydrothorax 


Hydrothorax consists in an accumulation of serous fluid in the pleural 
cavity without any inflammatory changes. 

Etiology. ‘Transudation of fluid into the pleural cavity is usually 
caused by congestion in the area of the vena cava in chronic affections 


HYDROTHORAX 611 


of the lung, or more often in chronic heart diseases; occasionally by 
the pressure of tumours on the vein, and in chronic anemia and ex- 
hausting diseases. Joest found bilateral chylothorax in an old dog 
caused by compression of the thoracic duct by a tumour of the thymus 
eland. 

| Pathological Anatomy. The transuded fluid is yellow or reddish 
“in colour, clear or slightly turbid, and may contain small shreds of fibrin 
or sometimes numerous red blood cells. ‘The protein content and specific 
gravity are much below those of the blood serum. Microscopic examina- 
tion shows only a few formed elements (swollen endothelial cells, lympho- 
cytes, red blood cells, fat cells). In chylothorax the:fluid is of milky 
consistence, and on standing a creamy layer collects on the surface. ‘The 
gross anatomical changes include collapse or compression of the lung, 
sometimes slight thickening of the pleura and general signs of passive 
hyperemia. 

Symptoms. In hydrothorax the fluid usually accumulates on both 
sides uniformly, with a horizontal level which changes in different positions 
of the body. Its development is accompanied by dyspnoea, without 
fever or other general symptoms. Signs of the primary disease are usually 
discernible, and also dropsy in other parts of the body. Exploratory 
puncture produces a fluid with a specific gravity below 1,016 and a low 
protein content which gives a negative result with Rivalta’s test. By this 
test the addition of a drop of puncture fluid to a very dilute solution of 
acetic acid (one drop in 100 c.c. of water) produces very slight if any 
turbidity. Chaleur and Labasque found black pigment granules in the 
_transudation of a horse with compression of the vena cava caused by a 
melanoma. 

Treatment. This depends entirely on the cause of the primary 
disease. Puncture is indicated cee in impending asphyxia and produces 
only temporary relief. 

Hematothorax. Strictly speaking, the term hematothorax signifies effusion of pure blood 
into the thoracic cavity, but it is generally also applied to all accumulations of exudate or transu- 
date containing blood. ‘These may occur in severe infectious and exhausting diseases, or after 


rupture of a bloodvessel or mechanical injury. ‘The symptoms are those of fluid effusion, and 
exploratory puncture shows the presence of bloody fluid. ‘There may be signs of acute anemia. 


3. Pneumothorax 


Actually the term pneumothorax signifies an accumulation of atmo- 
spheric air in the pleural cavity, with consequent collapse of the lung; it 
must, however, also include the rare cases in which gases penetrate the 
thoracic cavity. 

Atiology. Atmospheric air may enter the pleural cavity after 
penetrating wounds of the chest wall (by the suction action of the negative 
intrathoracic pressure), more rarely after perforation of the diaphragm 
by a foreign body in the reticulum in cattle, exceptionally from the stomach 
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in dogs in the same way. More usually affections of the lung are 
concerned, especially injuries to the lung in connection with penetrating 
thoracic wounds, subcutaneous fracture of the ribs, and occasionally 
aspirated large foreign bodies. Rupture of the pulmonary tissue and 
pleura may occur from sudden intra-alveolar pressure produced by cough- 
ing, drawing heavy loads, vomiting, severe abdominal pressure, over- 
exertion, continuous bellowing, heavy falls, and occasionally from the © 
rupture of abscesses or echinococcal cysts in the lung. 

Pathogenesis. In open pneumothorax with an opening in the chest 
wall or in the pulmonary pleura the entry of air causes the degree of collapse 
of the lung seen in opening the thorax in the carcase, but in 2 to. 24 hours 
the remaining air in the lung is absorbed and the lung becomes completely 
atelectatic. In valvular pneumothorax (in which the edges of the wound 
assume a valvular action) the air which is drawn in at each inspiration and 
retained in the pleural cavity at the following expiration rapidly compresses 
the lung and expands the thoracic wall. In cases in which the opening 
becomes closed (closed pneumothorax) the air, after uniform distribution 
around the outer and lower parts of the lung, soon becomes absorbed. ‘The 
reduction of the respiratory surface of the lung resulting from this process, 
together with the loss of elasticity of the lung tissue, causes dyspnoea, and 
the simultaneous reduction of the intrathoracic negative pressure inter- 
feres with the pulmonary circulation. The bacteria which are usually 
introduced with the entrance of air may give rise to sero-fibrinous or puru- 
lent pleuritis. 7 

Pathological Anatomy. In open pneumothorax there is neither 
escape nor entry of air on opening the thorax. In closed pneumothorax, 
however, air sometimes enters. In valvular pneumothorax air escapes 
from the thorax with a hissing sound and disturbs a flame held before the 
opening. By making the trachea air-tight and avoiding injury to the 
lung during the opening of the thorax the fact that collapse of the lung 
has occurred during life is easily recognised. 

Symptoms. These are usually sudden, more rarely gradual in 
appearance, and consist in severe dyspnoea, which may lead to asphyxia 
in 12 to 24 hours, especially in bilateral pneumothorax or after the 
rupture of an abscess in the lung. According to Friedland, even bilateral 
pneumothorax is compatible with life when the diameter of the opening 
for air entry into the pleural cavity does not exceed half the diameter 
of the two main bronchi; thus at each inspiration a negative pressure in 
the pleural cavity with a certain degree of expansion of the lungs is still 
possible. 

In valvular pneumothorax there is marked bulging of the thoracic 
wall on the affected side, in other cases of pneumothorax on the healthy 
side, or both sides are prominent (as the result of compensatory expansion 
of the uncollapsed lung). In cases complicated by pleuritis, and also in 
fracture of the ribs, there is tenderness to pressure over the affected side. 
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Occasionally cutaneous emphysema is present, and in injury to the lung 
hemoptysis. 

In valvular pneumothorax the percussion resonance 1s atympanitic 
and loud owing to the increased tension of the thoracic wall, but in open 
pneumothorax is tympanitic when the opening in the thorax is sufficiently 
wide. In closed pneumothorax it is also often tympanitic, except in 
large animals, when after complete collapse of the lung it remains atym- 


Fic. 161.—PNEUMOTHORAX AND CAVITATION OF THE Lunc IN A TuBERCULOUS Doc. 


1, Vertebral column; 2, right lung (extensively collapsed) with cavitation (3); 4, left lung 


(less collapsed) with cavitation (5); 6, air in pleural cavity; 7, posterior vena cava; 
8, diaphragm and liver. 


panitic. A cracked-pot sound is often heard. A metallic sound is only 
sometimes audible on ordinary percussion, but always on auscultatory per-. 
cussion, as a rule over the whole of one side of the thorax, with the exception 
of cases in which the accumulation of air is small or the pneumothorax 
circumscribed. When the pleural cavity communicates with the bronchi 
the sounds are heard when the animal’s mouth is open. In concomitant 
pleuritis there is a horizontal limit to the dulness on percussion. Usually 
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bronchial and amphoric breathing may be heard or only a metallic sound 
accompanying the respiratory movements. In the presence of fluid, 
tinkling, splashing and sometimes a dripping sound are perceived coincident 
with the respiratory movements. The cardiac impulse on the affected 
side cannot be felt. The heart sounds also may have a metallic tone. 

Course and Prognosis. Pneumothorax following disease of the 
lung is usually fatal in a short time, and also when complicated with 
pleuritis. Recovery is possible especially after injury to a healthy lung, 
but penetrating wounds of the thorax are often fatal from septic infection 
of the pleura. In favourable cases the air is absorbed after closure of the 
opening. 

Diagnosis. A metallic sound audible over the whole of the thorax 
is characteristic of pneumothorax. In cavitation of the lung the tympanitic 
note and occasionally a metallic sound are limited to certain areas and 
usually by an area of dulness. Hernia of the stomach or intestine through 
the diaphragm may give rise to errors, but in these cases the tympanitic or 
metallic sounds, which are heard only over the posterior and inferior parts 
of the thorax, are rather intensive, and their intensity varies with the 
intestinal movements, except in the event of incarceration, when peri- 
stalsis is arrested and symptoms of intestinal obstruction develop. When 
fluid is present, its nature can be determined by puncture. 

Treatment. In closed pneumothorax the affected side should be 
kept at rest by the application of a mustard plaster and the air removed 
by a trocar and cannula, the free end of which is connected with a rubber 
tube with a clamp. In open pneumothorax the opening should be closed. 
Suppurative pneumothorax requires operative treatment as for empyema. 


DISEASES OF THE CIRCULATORY 
ORGANS 


SECTION. I 
DISEASES OF THE PERICARDIUM 


1. Pericarditis 


Incidence. In cattle traumatic pericarditis most commonly occurs, 
while other forms of the disease are rare and probably mostly of tuber- 
culous origin. In the horse pericarditis is rare and is usually a complica- 
tion of croupous pneumonia. In the dog pericarditis is mostly tubercu- 
lous, but sometimes occurs in the course of distemper or other diseases. 
In swine it occurs in connection with swine fever and with erysipelas. 
In fowls it is usually a complication of fowl cholera or fowl pest, less 
often tubercular. 

Etiology. Pericarditis is almost always due to infection, although 
this often acts only in conjunction with predisposing causes (exposure to 
cold, over-exertion, or fatigue after rail or ship transport). It is usually 
a complication of other diseases (secondary pericarditis), more rarely a 
direct bacterial infection of the pericardium (primary pericarditis). In 
primary pericarditis Pasteurella bacteria, either alone or in conjunction 
with other bacteria, are the most frequent organisms concerned and 
cause direct infection of the pericardium in the various forms of pasteurel- 
losis. (Jowett reported a case of enzootic pneumo-pericarditis of this 
origin in turkeys.) Pericarditis may also be caused by pus-forming 
bacteria, as sometimes occurs in strangles in horses. Carré observed 
numerous cases of streptococcal pleuro-pericarditis in sheep. The 
micro-organisms of tuberculosis, swine erysipelas, fowl pest, contagious 
pneumonia and pox may not infrequently give rise to pericarditis. 

The entry of bacteria occasionally takes place through a wound in the 
thoracic wall (in this case usually pyogenic or putrefactive bacteria) or 
after bruising on the cardiac region, in the latter case the infection being 
conveyed through the circulation. More frequently they accompany 
foreign bodies. passing from the neighbouring organs, as is often the case 
in cattle, less often in goats and sheep, and rarely in other animals. In 
a horse a needle has been found in the pericardium, probably origin- 
ating from the cesophagus, stomach or duodenum; also a lucerne 
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stalk which penetrated the pericardium from the cesophagus, in a 
pig a needle from an unknown part of the body. In a dog Petit 
discovered a sewing needle which probably penetrated the peri- 
cardium from the posterior vena cava, and Borg found a similar 
needle 3 cm. long which entered the pericardium from the duodenum 
after penetrating the diaphragm and the left ventricle, and was found in 
the left auriculo-ventricular opening, probably after passing through the 
mitral valve and the wall of the ventricle. In cattle, foreign bodies 
originating from the réticulum can easily enter the pericardium because 
of the short distance they have to travel. ‘The most dangerous of these 
foreign bodies are needles, pieces of fine wire sie used for trussing hay), 
nails, knife blades, etc. 

Infective pericarditis not infrequently arises thaw microbial affections 
of the neighbouring organs, such as myocarditis, endocarditis, pleuritis, 
pneumonia, pulmonary and pleural tuberculosis, laceration of the 
cesophagus, suppuration in the peribronchial lymphatic glands, traumatic 
mediastinitis, etc., and also from general acute infections such as the 
different forms of hemorrhagic septicemia, pyosepticemia neonatorum, 
strangles, pox, articular rheumatism, etc. ; 

Occasionally a chronic form of pericarditis is caused by chemical 
substances in bacterial infection of other organs, and in nephritis, and 
also by the mechanical irritation of tumours, parasites and sterile foreign 
bodies (Borchardt observed sero-hemorrhagic pericarditis with nephritis 
and hepatitis in two horses after lysol poisoning). 

Pathogenesis. The action of bacteria and other causal agents on 
the pericardial tissue and its endothelial lining causes desquamation of 
endothelial cells and exudation of the fluid constituents of the blood 
and leucocytes. The exudate being rich in protein produces a fibrinous 
deposit, and the liquid part of the exudate 1s absorbed by the less affected 
areas of the pericardium. More commonly, however, the quantity of 
fluid exceeds the absorptive capacity of the pericardial membrane and 
an accumulation of fluid results. Less virulent bacteria (especially 
tubercle bacilli) and also chemical and mechanical irritation give rise 
to an exudate of low protein content and a predominance of lympho- 
cytes, but with subsequent proliferation of connective tissue. 

In acute inflammation a reflex acceleration of the heart is caused by 
stimulation of the cardiac sympathetic and also by increased excitability 
of the cardiac muscle and nerve ganglia. At the same time the stimula- 
tion of the cardiac nervous mechanism by the inflammation often leads 
to extrasystolic cardiac arhythmia, and the friction of the pericardial 
layers against each other causes stabbing pains synchronous with the 
cardiac movements. Animportant feature is interference with the cardiac 
diastole and pressure on the vena cava caused by the effusion of fluid, more 
rarely by masses of fibrin or tissue proliferation which result in a fall of 
arterial blood pressure and slowing of the circulation. 
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The effect on the respiration is manifested by a retarded flow of blood 
from the pulmonary veins, and in cases where the pericardium is much 


distended by compression of the lungs. _ 
In cases of infective origin the endotoxins of the micro-organisms give 
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Fic. 162.—TRAUMATIC PERICARDITIS IN A Cow. 


Massive deposits of fibrin on both layers of the pericardial sac, which was greatly distended with 
~ exudate. 


rise to fever and toxic disintegration of proteins. Bacteria which have 
escaped lysis may cause inflammation in other organs. — 

Pathological Anatomy. In acute pericarditis the pericardial surfaces 
are covered with a layer of fibrin of varying thickness (in large animals 
it may be 2 to 3 cm. thick), and the pericardial cavity contains a turbid 
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exudate, often containing flakes of fibrin, which in cases caused by external 
or internal trauma may have an offensive odour. Extensive deposits of 
fibrin give rise to the so-called villous heart (cor villosum), causing the peri- 
cardial cavity to be irregularly subdivided (Fig. 162). In some cases the 
exudate is purulent, and at a more advanced stage connective tissue 
proliferation develops, in which case the inflammation may be limited 
to certain areas of the pericardium (pericarditis circumscripta). In the 
majority of cases the inflammatory process 1s uniformly distributed over the 
pericardium (pericarditis diffusa), although the visceral layer is usually 
the more affected. ‘The amount of exudate in horses may be 36 to 40 
litres, in cattle 185, and in dogs } litre, and the greatly enlarged pericar- 
dium may occupy a large part of the thorax. The interstitial tissue of 


Fic. 163.—CGOMMENCING TRAUMATIC PERICARDITIS WITH PERFORATION OF THE WALL 
OF. THE LEFT VENTRICLE BY A SEWING NEEDLE. 


Funnel-shaped puncture in the heart muscle and a corresponding opening in the pericardial 
layer (drawn back), with rough serosa surrounding it. 


the heart is infiltrated with sero-cellular exudate. In cases with excessive 
exudation the heart may be compressed and atrophied. 

Signs of passive hyperemia—distension of the veins, congestion of 
the lungs and liver, and cedematous infiltrations, etc.—are usually present. 

In traumatic pericarditis foreign bodies are often found in the exudate, 
sometimes free, sometimes partly imbedded in the heart muscle (Fig. 163). 
Occasionally the foreign body is not found, when it has slipped back into 
the reticulum or has become rusted and broken up; in other cases it may 
be completely imbedded in the heart muscle or have entered the ven- 
tricle, in which event an abscess may develop in the heart muscle and 
rupture into the pericardial cavity or into a ventricle. Another effect 
of traumatic pericarditis is the formation of a firm cord of connective: 
tissue between the pericardium, diaphragm and reticulum, which often 
contains a series of cavities, sometimes connected with each other. More 
rarely there is a continuous canal connecting the reticulum with the 
pericardial cavity. 

Chronic pericarditis is characterised by new connective tissue formation 
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with thickenings of.the pericardial layers (macule albide s. lactez), 
adhesions (p. fibrosa adhesiva) or complete union of the pericardial layers 
(concretio pericardii). In tuberculous pericarditis caseous foci are 
found in the proliferating connective tissue, in dogs often only a serous or 
hemorrhagic effusion of fluid. 

Symptoms. Traumatic pericarditis runs a course of from 1 to 6 
weeks, and is evidenced by tenderness to pressure over the region of the 
reticulum, shallow respiration and pain. Quite exceptionally traumatic 
pericarditis develops suddenly or after an exacerbation of the temporarily 
quiescent gastric symptoms. 

In the znitial stage the animal shows signs of pain, avoids movement, 
stands with its head extended, the . | 
elbows deflected outwards, the hind 
legs drawn under the abdomen and 
the back arched. It frequently looks 
back towards the abdomen, lies down 
carefully. but rises again immediately. 
The pain is increased on going down 
hill, and also on pressure or per- 
cussion over the precordium or on 
the back and thorax. Respiration 1s 
shallow and chiefly abdominal. In 
cattle all these symptoms may be so 
slight as to escape notice, and the first 
examination may reveal an advanced 
stage of the disease. 

The heart beat is accelerated from 
the first to one and a half to three 
times the normal rate, is often arhyth- 
mic, and is aggravated by slight causes. 
(In more than 100 cases of traumatic 
pericarditis See io P nh on as Fic. 164.—OuTWARD DEFLECTION OF THE 
7O In 50 per cent.) During motion ELBow IN PERICARDITIS TRAUMATICA. 
the heart beat shakes the whole 
cardiac region and the heart sounds can sometimes be clearly 
heard at a distance. Sonnenberg observed bradycardia in a cow 
(26 beats to the minute) with epileptiform spasms and unconscious- 
ness which ceased during periodical phases of tachycardia (over 100 
beats). In a dog with traumatic pericarditis and injury to the 
heart muscle, observed by Borg, there were epileptiform attacks and 
signs of paralysis. 

The most characteristic symptom is pericardial friction, which is 
synchronous with the movements of the heart, but the friction sounds do 
not follow them strictly, being sometimes heard with the systole, sometimes 
with the diastole, and sometimes immediately before or after them. The 
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friction sounds may be soft, rough or creaking, and may be felt by the 
hand placed over the cardiac region and increased by pressure over an 
intercostal space. They remain limited to the cardiac area and are 
intensified on bodily movement, but diminished on inspiration. 

In the presence of fluid exudate the friction sounds disappear when 
serous surfaces of the pericardium are prevented from contact by slight 
deposits of fibrin, but may persist when the fluid is small in quantity or 
the fibrin deposits are larger, and thus 
allow the two surfaces to come in 
contact in some places. 

The presence both of gas and of 
fluid exudate, which often occurs in 
traumatic pericarditis, gives rise to 
splashing, gurgling, dripping or similar 
sounds which are synchronous with 
the heart beats. 

The cardiac impulse is diminished 
or impalpable, and sometimes accom- 
panied by visible undulatory move- 
ments. In small animals, however, 
it can be felt when the animal is in 
the dorsal position owing to gravita- 
tion of the fluid to the base of the 
heart. The heart sounds become 
weaker and may be inaudible. 

The cardiac dulness is increased 
when there is abundant fluid exudation 
or massive deposits of fibrin, and also 
in tuberculous proliferation, when 
the dulness may extend above the 
shoulder line—in small animals as far 
Fic. 165.—INCREASED CARDIAC DULNESS forwards as the second intercostal 
IN PERICARDITIS WITH FLuID EXUDATE. space and in all animals as far back- 


The dotted curved line indicates the limit wards as the sixth or seventh inter- 
of normal, the continuous line the limit 


of increased dulness; the straight line Space Gre. 165). In the lateral 
represents the middle line of the sternum, position its upper boundary is dis- 


and the numbers indicate the ribs. placed Hi eda owing ae ear ibe 
drawal of the heart from the thoracic wall under these conditions. In 
ruminants the change in percussion begins with absolute dulness, which 
extends in the manner described and is sometimes so much increased as 
to reach the first intercostal space (Figs. 166, 167, 168). In all animals 
the dulness on the right side is less marked than on the left. In some 
cases of pericarditis with the formation of putrefactive gases a tympanitic 
or metallic sound is heard on percussion at the upper limit of dulness. 
The pulse is accelerated and sometimes arhythmic, and later, small 


rate 
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and thready. ‘The veins, especially the jugular, are much dilated and 
stand out as thick cords. A presystolic pulsation is often present directly 
preceding the cardiac systole. At the same time cedema develops in the 
anterior and inferior parts of the thorax, the anterior part of the lower 
abdomen, and in the submaxillary region, where it may be noticed first 
when the head is lowered, and may extend to the larynx. According to 
Zieger, oedema begins in the form of a wheal at the lowest part of the 
dewlap, sometimes also in the submaxillary space, to form finally an exten- 
sive cedematous area, which in the beginning can be detected only by 
careful palpation of the whole dewlap and comparison with a healthy 
cow of the same age. 

Respiratory symptoms are always present and are increased even by 
slight movements. They are still further exacerbated by fluid accumu- 
lations in the body cavities, and also in the presence of pneumonic changes. 


Fic. 166.—TRAUMATIG PERICARDITIS WITH INCREASE OF CARDIAC DULNESS AND CGiDEMA OF THE 
DEWLAP (BEFORE THE ASPIRATION OF 2 LiTRES OF PURULENT EXUDATE). 


a, Dull tympanitic resonance; b, dulness. (The same cow as in Figs. 167, 168.) 


A weak and painful cough is also observed and a rise of temperature 
varying in degree, which, however, may be absent in traumatic peri- 
carditis of cattle. The general condition and appetite are much impaired 
and emaciation develops rapidly. 

Chronic pericarditis may follow the acute form or develop gradually. 
The latter development occurs especially in cases of tubercular origin. 
It is manifested by dyspnoea, rapid fatigue, acceleration and arhythmia 
of the pulse, and in cases with much effusion with enlargement of the area 
of cardiac dulness, together with venous congestion and oedema, as in the 
acute form. 

Course and Prognosis. Non-traumatic acute pericarditis usually 
ends fatally within a week in cases with abundant purulent exudate or in 
those due to infective diseases (pneumonia, pleuritis, haemorrhagic septi- 
cemia). In the majority of cases it continues for 2 to 3 weeks, during 
which temporary improvement may occur, but is eventually fatal from 
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severe passive congestion, hemorrhagic infarction of the lungs, chronic 
bronchitis or gastro-enteritis. Sometimes death occurs suddenly. 
Recovery is exceptional, and then usually leaves chronic changes with 
extensive adhesions, cardiac asthenia and retraction of the thorax in 
the cardiac region. 

The course of traumatic pericarditis is very variable and usually 
gradual, and may extend over weeks or months with occasional periods of 
remission. Eventually a somnolent and paretic condition supervenes, 
probably due to absorption of putrefactive toxins from the exudate. 
In some cases metastatic purulent foci are formed in various organs, 
joints and tendon sheaths, when the disease may terminate in pyemia. 


Fic, 167.—TRaAuMATIC PERICARDITIS WITH DULNEss (a, )) IN FRONT OF THE SHOULDER 
; REGION. 


a, Dull atympanitic resonance; b, dulness; c, dulness behind the shoulder. (The same cow 
as in Figs. 166, 168.) 


In a case reported by Mattson a penetrating foreign body gave rise to 
an abscess in the wall of the left ventricle, which after its rupture was 
followed by indefinite symptoms and purulent metastases. In another 
case penetration of the right ventricular wall was followed by thrombosis 
of the ventricular cavity with liberation of the pyogenic bacilli which 
were present. Further complications which may arise are pleuro- 
pneumonia and acute gastro-enteric catarrh. In a case observed by 
Zieger in a cow the contents of the stomach mixed with foetid pus were 
discharged through the nose after the rupture of an abscess connected 
with the reticulum into a bronchus. Sudden death sometimes occurs 
after a short period in which digestive disturbances, oedema of the sub- 
maxillary region and dewlap, and slight acceleration of the pulse are the 
only symptoms, and may be due to injury or perforation of the heart muscle 
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(especially after going up hill) or to sapremia. On the other hand, 
cases are sometimes observed in which the initial symptoms undergo 
considerable abatement, so that with improving nutrition the animal 
can resume work. Occasionally spontaneous recovery takes place after 
the discharge of a foreign body through the surface of the body or into 
the reticulum. | 

Diagnosis. In the initial stage of acute pericarditis the symptoms 
are indefinite, but increased sensitivity over the precordium, pounding 
heart beat, its great variability in relation to comparatively slight external 
influences, and cardiac arhythmia suggest the presence of commencing 
acute pericarditis. All these, with the definite enlargement and charac- 
teristic outline of the cardiac dulness, the friction and splashing sounds, 


Fic. 168.—TRAuUMATIC PERICARDITIS WITH DULNESS ON THE RIGHT SIDE. 
a, Tympanitic resonance; 5, area of percussion over lungs; c, dulness. (The same cow as 
in Figs. 166, 167.) 
together with symptoms of blood stasis, soon unite to make up a definite 
clinical picture. 

In traumatic pericarditis marked acceleration of the pulse (100 to 110 
per minute) without any rising of temperature may be suggestive; also 
in cases with an initial rise of temperature, the persistence of this accelera- 
tion after reduction of the temperature by antifebrin may point to a 
positive diagnosis. Cardiac tonics are sometimes given to render the 
pericardial sounds more pronounced, but may be followed by painful 
symptoms. 

Pleuro-pericardial friction sounds occurring in pleuritis accompany 
the heart beat only during either inspiration or expiration, and are also 
heard during the cardiac pause outside the cardiac area. In intercostal 
rheumatism friction sounds are absent, and only dull muscular sounds 
heard. Pericardial friction is distinguished from endocardial sounds 


624 DISEASES OF DOMESTIC ANIMALS 


in valvular disease of the heart by appearing to arisé directly under the 
ear. It is sometimes increased on pressure, becomes less pronounced 
on inspiration, and does not strictly coincide with the cardiac movements. 
In acute infective diseases the initial temperature is high, whereas in 
pericarditis it is usually only slightly raised. 

Pneumonia may simulate pericarditis with effusion in the case of 
atelectatic areas of the lung surrounding the heart, which cause an 
apparent enlargement of the cardiac dulness. In such cases the character 
of the heart beat and heart sounds is important, as they are little if at all 
weakened in pneumonia. From contagious pneumonia in cattle peri- 
carditis is distinguished by the occurrence of preceding digestive disturb- 
ances, the comparatively slight increase of dulness, the marked weakness 
of the cardiac impulse, the absence of bronchial breathing, the charac- 
| teristic pericardial sounds and 
the slight rise of temperature. 
In pleuro-pneumonia with effu- 
sion an increase in the cardiac 
dulness may be simulated by 
encapsulation of the exudate, 
but in this case the heart is 
displaced and compressed (q.v.) 
in the same way as by tumours. 
In cardiac hypertrophy and 
dilatation the dulness hardly 
ever extends so far anteriorly as 
in pericarditis, the heart sounds 
are distinct, and friction sounds 
and precordial tenderness are 

absent. 
aS aoa ears ee ies ve The nature of the exudate is 
to some extent indicated by the 
origin of pericarditis, in so far that in cases due to exposure to cold, or those 
connected with croupous pneumonia or primary pleuritis, the exudate 
usually is fibrinous or sero-fibrinous, in metastatic cases purulent, and 
in traumatic pericarditis fibrinous, sero-fibrinous, purulent or ichorous. 
In the latter form there are also severe general symptoms, a tympanitic 
or metallic percussion resonance and splashing sounds. ‘Tuberculous peri- 
carditis is manifested in cattle by local and congestive symptoms similar 
to those found in traumatic pericarditis, and can be excluded only by the 
absence of tuberculous changes in other organs and a negative tuberculin 
test. In dogs, however, it runs a chronic course, with sero-hemorrhagic 
exudation or more rarely connective tissue proliferation, and results in 
emaciation without any special general symptoms. In all doubtful cases 
an exploratory puncture of the pericardium should be made on the left side 
near the posterior limit of dulness, and if necessary also on the right side. 
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In chronic pericarditis, with no knowledge of the previous history the 
diagnosis is difficult and depends on the extent and nature of the dulness, 
the condition of the cardiac impulse and symptoms of passive hyper- 
emia, and in its fibrous form is difficult to distinguish from chronic 
myocarditis. 

Treatment. General treatment consists in keeping the animals at 
rest and regulating their diet, which should include fresh green food, good 
hay and flour or bran mash for herbivora, and gruel and meat broth or 
milk for carnivora. In persistent anorexia artificial feeding may be 
necessary. 

Local treatment comprises the application of cold compresses, or sacks 
filled with snow or ice fastened with wide belts to the cardiac area, or 
compresses of tow or wool frequently wetted with cold water. 


Fic. 170.—FIELD OF OPERATION IN. PUNCTURE OF THE PERICARDIUM FROM THE 
XXIPHOID CARTILAGE. 


LB, linea alba; H, costal arch; VMa, milk vein; P, point of puncture. (After Moussu.) 


In primary pericarditis salicylates or similar drugs, acetanilide, 
phenazone, phenazoni salicylas may be given. In cases with cardiac 
asthenia digitalis is indicated (for large animals 2 to 4 grammes daily, 
for small animals tablespoon doses of a 2: 150 infusion with 5 grammes 
of potassium nitrate every 2 hours). Other preparations of digitalis 
or strophanthus may also be used (see under Cardiac Asthenia); also 
caffein (2 to 5 grammes and 0-2 to 1:0 gramme subcutaneously), camphor 
(camphor oil 20 to 30 grammes and 2 to 3 grammes subcutaneously); 
also wine, spirits or ether. 

To promote absorption diuretics and mild laxatives should be ad- 
ministered. When the rapid accumulation of effusion causes compression 
of the heart, puncture of the pericardium may be performed, although 
this procedure is commonly not without danger, as a portion of the fluid 


may enter the pleural cavity. After puncture the pericardial cavity 
VOL. II. 40 
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may be irrigated with sterile saline solution or weak antiseptic solutions. 
If the fluid is purulent the pericardium should be incised and the cavity 
well irrigated, whereby a foreign body may also sometimes be removed. 

In traumatic pericarditis Zieger and others obtained good results from 
drainage of the pericardial sac after intercostal puncture. In some cases 
Obich’s operation may be tried (p. 99). For the temporary removal of 
cedematous fluid Moussu’s operation by puncture from the xiphoid 
cartilage is suitable (Fig. 170). With the animal in the standing position 
an incision is made through the skin in the centre of the angle formed by 
the linea alba and the left costal arch about 20 c.c. in front of the point 
of entry of the milk vein. The incision extends anteriorly for 20 cm. 
parallel to the ribs. ‘The muscles are then separated as far as the neck 
of the xiphoid cartilage and ‘the sub-pericardial fatty tissue separated 
with the left index finger till the pericardium is exposed. A trocar 
25 cm. long and of 5 mm. bore is then introduced with the right hand 
till the heart beat is communicated to it. The trocar is then directed 
inwards and forwards about 3 to 4, cm. deep into the pericardial sac and 
the stylet removed. After removal of the fluid the wound is dressed with 
iodoform gauze and a pressure bandage applied and renewed as required. 
The cedema subsides in a few days and the animal is then fit for slaughter. 
Pugh performs resection of the ribs and incision of the parietal pericardium, 
by which means the pericardial cavity can be cleared of fibrinous exu- 
dation as well as fluid and be thoroughly irrigated (in three cases one 
recovered, one improved and the third died from pneumonia). 

In chronic pericarditis with effusion puncture usually produces only 
temporary improvement. Unless slaughtered, the only other treatment 
is symptomatic. 


Compression of the Heart (so-called Pseudo-pericarditis). ‘This 
condition is observed chiefly in cattle, seldom in other animals, and is caused 
by extra-pericardial influences which produce compression or displacement. 
These include subpleural or subpericardial abscesses (usually of traumatic 
origin), neoplasms and tuberculous growths at the base of the heart, on the 
sternum, in the mediastinum or at the entrance to the thorax. In rare cases 
an enlarged thymus gland may cause compression of the heart, lungs and 
cesophagus. Other exceptional causes are prolapse of the abdominal organs 
(usually of the reticulum) and diaphragmatico-pericardial hernia, which has 
been found in dogs by several observers. Occasionally compression of the 
heart may be caused by extensive tuberculous infiltration of the lung (author’s 
case), abscess of the lung, large echinococcal cysts in the lungs, and sometimes 
by excessive pleural effusion on the left side. All these formations impede the 
diastolic expansion of the heart and also cause atrophy of the heart muscle, 
often causing compression of the large vessels. 

The symptoms closely resemble those of pericarditis, but passive congestion 
is not always manifest, the pulse is only moderately accelerated, remissions 
are more frequent, and the character of the cardiac impulse and heart sounds 
indicates compression of the heart in the oral, caudal, dorsal or dextro-lateral 
direction, and pericardial friction is absent. In some cases the percussion 
dulness is more extensive and of a different formation to that in pericarditis. 
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In doubtful cases an exploratory puncture may be of diagnostic value. In a 
horse with sarcomatosis of the epi- and pericardium Schmidt observed severe 
dyspnoea accompanied by sounds resembling roaring after brief exercise. 
In Miinich’s case in a cow prolapse of the reticulum into the thoracic cavity 
gave rise to cough, attenuation of the respiratory sounds after feeding, and 
sudden death without signs of stasis. 

Treatment comes into consideration only in cases of subpleural or subpericardial 
abscesses and cystic new formations, and consists in removal of the fluid contents. 
In enlargement of the lower cervical glands Weber found benefit from cardiac 
tonics and nephritin. 


2. Hydropericardium (Hydrops Pericardii) 


Etiology. ‘Transudation into the pericardium is caused by blood 
stasis in chronic affections of the heart and lungs, and sometimes by 
hydremia in chronic nephritis, anemia, distomatosis and lung-worm 
infestation. 3 

Frede describes an alimentary intoxication with toxic affection of the © 
heart muscle occurring in swine, a condition manifested by high fever, 
hydrops of the serous cavities, especially of the pericardium, which 
occurred after direct transition from a sparse diet to an abundance of 
rich and indigestible food. 

Pathological Anatomy. The pericardium contains a clear or 
slightly turbid and sometimes hamorrhagic fluid with a specific gravity 
of 1,016 and a protein content under 3 per cent. The amount of fluid may 
be 100 to 200 times that normally present in the pericardium. 

In toxic affection of the heart in swine the serous cavities contain 
varying quantities (the pericardium 10 to 150 c.c.) of a yellowish or 
reddish-yellow fluid containing white flakes or threads, but without signs 
of inflammation. 7 

Symptoms. The cardiac dulness is increased in the same form and 
extent as in pericarditis. ‘The cardiac impulse is weak and the heart 
sounds attenuated. Even with concomitant hydrops of the pleural cavity 
the increase of dulness can be easily demonstrated in small animals in the 
sitting and supine positions, when only the dulness due to the pericardial 
fluid remains, and the cardiac impulse is more palpable. Symptoms of 
stasis, albuminuria, dyspnoea and a weak and small pulse may also be 
present. 

Toxic pericardial hydrops of swine is usually of sudden onset with high temperature (40° to 
42°5° C.) and other generalsymptoms. The gait is stiff and painful, the respiration accelerated, 
and there is often a characteristic harsh cough. In spite of the high fever a typical bradycardia 
(25 to 40 per minute) is present. ‘Treatment is ineffective, but further cases can be prevented 
by dietetic measures. 

Diagnosis. Hydrops of the pericardium is usually distinguished 
from pericarditis by the absence of acute symptoms (pain and fever) and 
friction sounds, and by the presence of hydrops in other parts of the body. 

Treatment. ‘This must be directed to the primary disease. ‘The 
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quantity of fluid can sometimes be diminished by the systematic admin- 
istration of diuretics, sudorifics and laxatives, and can be temporarily 
removed by puncture. 


Heemopericardium. Hemorrhage into the pericardium may take place 
from the cardiac chambers, the coronary vessels and the large bloodvessels 
after injury and spontaneous rupture, especially of the aorta above the valves. 
It may also occur in the hemorrhagic diathesis. The diagnosis is based on the 
presence of fluid in the pericardium and symptoms of internal hemorrhage. 
Death may occur immediately or in the course of an hour. 


3. Pneumo- pericardium 


Etiology. An accumulation of gas in the pericardium in cattle 
seldom results from entry of stomach gases following perforating foreign 
bodies, but more frequently complicates putrefactive purulent peri- 
carditis. It only occasionally results from the entrance of atmospheric 
air after penetrating wounds of the cardiac region or fracture of the ribs. 
Quite exceptionally air may enter the pericardium after breaking through 
a lung cavity adherent to the pericardium. 

Symptoms. On percussion a loud, tympanitic and sometimes 
metallic resonance is heard over a sharply defined area of the upper 
cardiac region. ‘The heart sounds are clear and metallic, but when peri- 
carditis is also present they are usually replaced by splashing and clacking 
sounds which have been compared to the noise of a mill-wheel (bruit de 
moulin), and in this case the usual signs of pericarditis are also present. 

In diagnosing pneumo-pericardium it must be remembered that a tym- 
panitic sound in the cardiac region may be caused by infiltrated lung tissue, 
diaphragmatic hernia and: diaphragmatico-pericardial hernia. : 

Treatment. In addition to the usual treatment for pericarditis, 
operative interference is especially indicated. 


SECTION II 
DISEASES OF THE HEART 


1. Paroxysmal Acceleration of the Heart’s Action 
(Paroxysmal Tachycardia) 


(Palpitatio cordis) 


Tuts term is applied to an acceleration of the heart beat appearing 
suddenly, usually without obvious cause and lasting for minutes, hours 
or days and then rapidly subsiding. ‘Tachycardia may appear in con- 
nection with organic diseases of the heart (secondary form) or indepen- 
dently of such (primary form). 

Etiology. Paroxysmal tachycardia is especially liable to occur in 
highly bred horses and dogs; it may also appear in nervous affections 
as the result of direct or reflex irritation of the automatic cardiac nerve 
ganglia or of the heart muscle itself. ‘This mode of origin may occur during 
intense psychical excitement (during outbreaks of fire, railway transport 
or over-exertion, etc.), although under such conditions temporary heart 
weakness may also arise. Increased sensitivity of the nervous system in 
nutritional disturbances, severe loss of blood and Basedow’s disease may 
also give rise to tachycardia, and also inflammation and degeneration 
of the vagus nerve in chronic lead poisoning. Disposition to tachycardia 
sometimes persists for a time after influenza. 

In animals paroxysmal tachycardia usually occurs in the course of 
organic affections of the heart with acute or chronic cardiac weakness 
(in a case of Norr’s in aortic insufficiency). | 

Pathogenesis. ‘True paroxysmal tachycardia may be regarded as 
the expression of an increased excitability of the heterogeneous centres 
in the heart muscle under the influence of extra stimuli due to the primary 
cause. Under these conditions a sudden heterotopic extrasystole is 
almost directly accompanied by a much shortened refractory phase. 
The automatic sensitivity of the lower centres is increased, and as the 
result of the continued action of the extra stimulation extrasystoles are 
persistently developed, and replace the normal sinus rhythm of the 
heart, thereby maintaining the increased frequency of the cardiac 
action. After the extra stimulation has subsided the predominating 
role of the sinus rhythm is restored and the heart beat becomes 
normal. 


Interference with the cardiac rhythm during paroxysmal tachycardia 
629 ; 
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causes shortening of the period of diastole and consequently incomplete 
filling of the ventricles with blood, and the rapid succession of the auricular 
and ventricular contractions produces incomplete emptying of the 
auricles (auricular block). 

Symptoms. The attacks of palpitation, which vary in duration, 
are often accompanied by cardiac impulses of a violent character. In a 
case of Norr’s in a horse the pulse during an attack reached 270 per minute. 
The heart sounds are increased in intensity and sometimes heard at a 
distance of several yards. At the same time the pulse is weak and the 
jugular vein dilated and pulsating. The animal often exhibits signs of 
ereat anxiety, with trembling and sweating, but these symptoms may be 
absent. 7 

Diagnosis. This is based on the occurrence of attacks of pronounced 
acceleration of the heart’s action and the disappearance of all symptoms 
when the attacks have subsided. In simple tachycardia occurring in 
the course of organic disease of the heart or in acute infective diseases the 
acceleration is of longer duration and the symptoms persist. Spasm of 
the diaphragm and clonic contractions of the abdominal muscles are 
distinguished by the absence of tachycardia and the presence of twitchings 
in the region of the costal arch and abdominal wall. 

Course. The attacks of palpitation may last for a few seconds or 
hours up to several days (in a case observed by Norr 3:7 to 12-8 seconds). 
They may recur under the influence of external causes, or in anemic 
or predisposed animals. 

Treatment. An attack of true tachycardia usually subsides without 
any treatment after complete rest and a suitable diet. In nervous excite- 
ment the following drugs may be administered: morphine (for horses 
0-30 to 0:50 gramme, for dogs 0-02 to 0:05 gramme subcutaneously), 
chloral hydrate (20 to 40 grammes in lukewarm water, orally or 
rectally), potassium bromide and other narcotics. Quinine hydro- 
chloride, which has proved effective in Human Medicine owing to 
its inhibitory action on cardiac irritability, may also be used (1 to 2 
erammes in 10 c.c. of water given intravenously in horses). In cases 
with cardiac weakness the cardiac action may be strengthened by 
digitalis or strophanthus. 


Auricular Flutter and Auricular Fibrillation. In human medicine 
auricular flutter is defined as an increased frequency of the auricular contractions 
(240 to 300 per minute), which, however, remain co-ordinate and regular. The 
ratio of the auricular to the ventricular contractions may be 2:1, 3:1, or 
4:1 as the result of a disturbance in the transmission of stimuli and in the 
responsive capacity of the ventricular musculature. For the production of 
auricular flutter auricular extrasystole is necessary, possibly under the influence 
of extension stimulus or neuro-humoral action. It consequently consists in a 
heterotopic disturbance of cardiac rhythm, and in this respect is closely related 
to paroxysmal tachycardia of auricular origin. In animals it has not yet been 


described. 
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In auricular fibrillation there is a still greater increase in the frequency of auricu- 
lar contractions (over 300 per minute). In this condition, however, the con- 
tractions of the auricle are not uniform and consist in irregular inco-ordinate 
contractions of individual groups of muscle fibres, so that some portions of the 
auricle take no part in the contraction and complete systole of the auricle never 
takes place. As only co-ordinated contractions of the auricle can transmit a 
regular sinus stimulus to the ventricular muscle, in auricular fibrillation only 
some of the stimuli are transmitted at irreguiar intervals and in varying in- 
tensity, which results in irregularity of the heart’s action and pulse (irregulari- 
tas perpetua, pulsus irregularis et inequalis, delirium cordis). In the majority 
of cases of the rapid form the pulse rate varies from 100 to 150, in the slow form 
it averages 60 (in man). There is no fundamental difference between auricular 
flutter and fibrillation, and consequently an increased frequency of auricular 
flutter may become transformed into fibrillation. 

Among domestic animals Lewis observed spontaneous auricular fibrillation 
in six horses, Roos in four horses and three dogs of different sex and ages, and 
Krupski in a horse. In one case in a horse Roos found new connective tissue for- 
mation in the auricular musculature, together with a granular condition of the 
bundle of His, and in another case only hypertrophy of the heart, while Krupski 
found mitral insufficiency. In man auricular fibrillation is often associated 
with valvular disease (tricuspid insufficiency, mitral stenosis) and with coronary 
sclerosis and chronic myocarditis. 

The principal symptoms of auricular fibrillation are inco-ordination of the 
heart beat and pulse as regards intensity, frequency and rhythm, in which 
groups of rapid heart beats alternate with single beats and long pauses. In 
dogs the pulse rate varied from 110 to 160 per minute, and the auricular fibril- 
lations have been registered by the electrocardiograph as 1,000 to 1,100. In the 
horse slowing of the ventricular contractions with a corresponding reduction 
in the pulse rate appears to be the rule, as Roos found no marked acceleration 
(in one case a pulse of 54, in two cases a pulse of 20 and 30 respectively, and in 
one case an initial frequency of 70 which became reduced to normal). This 
peculiarity Roos attributes to an incomplete ventricular block observed in 
this condition in connection with changes in the heart muscle. ‘Thus in the 
horse exercise may be increased without any increase in cardiac frequency. 
Auricular fibrillation appears to occasion inconvenience or pain, as in three of four 
horses slight colicky pains were observed in the absence of any other apparent 
cause. ‘The circulatory disturbance observed in horses appeared to be mainly 
due to the heart block, because in pure auricular fibrillation the circulation is not 
particularly affected, as the emptying of the practically inert auricle is effected 
by the suction action of the expanding ventricle during diastole, and also by the 
venous pressure in the vene cave. There is always, however, the danger 
of sudden death from secondary heart failure (mors subitissima) through exten- 
sion of the fibrillation to the ventricular musculature, when the circulation | 
suddenly ceases owing to failure of ventricular contraction (Roos observed 
this in a dog). 3 

The treatment of auricular flutter and fibrillation with digitalis and strophan- 
thus, and also with quinine sulphate, is usually successful. However, Roos 
found that quinine sulphate produced only a temporary effect in a horse 
(150 grammes for 4 days), and the same with digitalis treatment in a dog. 
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2. Slow Heart’s Action (Bradycardia) 


This condition may arise as a true bradycardia from decrease in the 
frequency of the heart beat affecting the heart as a whole and resulting 
from delayed production of stimuli, or as a pseudo-bradycardia in certain 
disturbances of cardiac rhythm. 

‘Etiology. True bradycardia (sinus bradycardia) is due to delayed 
stimulus production in the sinus node, due to direct or reflex stimulation 
of the vagus in the course of some forms of acute nephritis and also in 
increase of intracranial pressure (meningitis, encephalitis, chronic hydro- 
cephalus, tumours). In such cases it reaches only a slight degree, and 
in the horse does not fall below 28 beats a minute. Occasionally the 
vagus is stimulated in some part of its course by tumours or an abscess 
in the cervical region. Sometimes reflex stimulation of the vagus originates 
from the stomach, intestine (digestive disorders) or from the skin, and 
occasionally from the action of toxins. In severe dyspnoea, especially in 
dogs, an expiratory reflex stimulation of the vagus may give rise to brady- 
cardia. Occasionally also lesions of the pericardium or heart muscle 
caused by foreign bodies may cause reflex vagus bradycardia. ‘True 
bradycardia may also result from great exhaustion in approaching 
death through delayed stimulus production due to impaired nutrition 
of the sinus node. Meucci found pronounced bradycardia in a dog due 
to pressure paralysis of the cervical sympathetic caused by a tumour and 
associated with other signs of sympathetic paralysis (lachrymation, 
diminution of intra-ocular tension, marked myosis not affected by atropine, 
and dilatation of the subcutaneous and retinal bloodvessels). 

Pseudo-bradycardia occurs in disturbances of the cardiac rhythm in 
which the ventricles occasionally fail to contract. ‘This may occur in 
somewhat stronger vagus stimulation through reduction of the conductive 
capacity of the bundle of His. It may also occur in certain affections of 
the heart muscle, such as cardiac degeneration in infective diseases, 
chronic myocarditis, affection of the coronary vein, which may also result 
in disordered cardiac conductivity. 

Symptoms. In true bradycardia the heart beats are usually only 
moderately reduced in frequency, and are regular in sequence, as is also 
the venous pulse. In respiratory bradycardia, on the other hand, the 
reduction in the beats takes place only during expiration (in a dog with 
laryngeal stenosis and respirations of 12 to 14 to the minute, only 1 to 3 
heart beats occurred during expiration compared with 7 to 8 during 
inspiration). In other cases also bradycardia may be only of moderate 
degree, but a marked reduction in the heart beats 1s often observed in 
horses (from 28 to 9, usually 12 to 20) and in dogs (20 to 18). In cases of 
pseudo-bradycardia other disturbances of conduction may also be con- 
cerned, such as arhythmia, increased auricular contractions compared . 
with the heart beat. 
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In pronounced cases of bradycardia the animals suffer from lassitude 
and inertia, signs of cardiac weakness and occasionally convulsions. 

Diagnosis. ‘The origin of bradycardia can sometimes be determined 
by the subcutaneous injection of atropine sulphate (0-01 gramme for large 
animals, 0-005 gramme for dogs), which in cases due to hyperstimulation 
of the vagus causes temporary disappearance of the condition. In 
examination of the pulse alone bradycardia may be simulated by the 
occurrence of ventricular extrasystoles when these do not reach the 
peripheral pulse. 

Treatment. This consists in the administration of stimulants 
(alcohol, ether); in some cases atropine may be indicated; frictions applied 
to the body, and the correction of digestive disturbances when these are 
in evidence. 


g 


3. Intermittent Heart Action (Actio Cordis Intermittens) 


Intermittent heart action may be caused by disturbance in the sequence 
of heart beats, by the total omission of individual ventricular contractions 
due to impaired conduction of stimuli, or by the interpolation of extra- 
systoles with consequent compensatory pauses. 

‘Etiology. ‘True intermission arising from impaired conduction 
of stimuli often occurs in horses. ‘This irregularity, estimated by Dreyer 
in 272 horses, was found to be much more frequent in older animals 
(36 per cent. of the age of 14 to 18 years, 27 per cent. of 10 to I4 years, 
14. per cent? of 7-to-10- years, -and 6per cent. of 4° to 6 years); by Norr 
mvio. per cent. alter-the fourth year, and by Wester.m 19 per cent. 
of all horses examined, and more frequent in race-horses and older 
animals. Prietsh observed intermittence in 2:5 per cent. of army horses. 
In other animals the condition is rare (Wester found it in only 0-4 per 
cent. of 718 cattle), with the exception of draft dogs, in which Wester 
found it frequently, but hardly ever in other dogs. 

True intermittence occurs chiefly in consequence of infective diseases, 
especially contagious pleuro-pneumonia in horses, when it appears to be 
due to reflex or direct hyper-stimulation of the vagus (vagotonia), as in the 
author’s cases it could always be reduced by atropine. Vagotonia 
may occur in cerebral diseases with increased intracranial pressure 
(chronic hydrocephalus, tumours, meningo-encephalitis, etc.}.. Temporary 
intermission may also result from digestive disturbances (intestinal catarrh, 
constipation), by direct or reflex stimulation of the vagus resulting from 
the absorption of intestinal toxins. Again, impairment of the conducting 
mechanism in diseases of the heart muscle (myocarditis, degeneration, 
tumours, fibrosis) may take a part in the etiology. ; 

Intermission due to extrasystole (false intermission) occurs in all 
mammals under the influence of abnormal stimuli which may arise from 
over-filling and over-distension of the different chambers of the heart (val- 
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vular insufficiency, heart weakness in the course of severe febrile or other 
diseases), and also from increased irritability of the lower automatic cardiac 
centres in acute cases of pericarditis, myocarditis and endocarditis, and 
sometimes after absorption of toxic substances from the intestine, which 
cause either an abnormal stimulation of the heart muscle or increase its 
sensitivity. Again, extrasystolic intermission may occur in connection 
with auricular fibrillation, in which case only a portion of the irregular 
and inco-ordinated contractions of the auricular musculature are trans- 
mitted to the ventricles. 

Pathogenesis. Hyper-stimulation of the vagus causes a reduction 
in the sensitivity and conductivity of the heart muscle and consequently 
inhibition of conduction. ‘This is first established in the auriculo-ven- 
tricular boundary, where conduction takes place exclusively through the 
bundle of His. Owing to its reduced conductivity the bundle responds 
less rapidly to stimuli arising from the auricle and also becomes more 
rapidly fatigued, so that stimulus conduction becomes increasingly 
delayed and diminished in intensity on entering Tawara’s or the auriculo- 
ventricular node. As the result of this there is a gradual prolongation 
of the interval between auricular and ventricular systoles (first degree of 
impaired conductivity). At a further stage in the course of conduction 
the bundle of His becomes exhausted to such a degree that it is no longer 
capable of transmitting the stimulus; thus ventricular systole ceases, 
but during the long pause which results the conductivity is restored for 
a time by rest (second degree of impaired conductivity, partial heart 
block). Only occasionally the conduction of stimuli to the auricular 
musculature 1s affected simultaneously, when auricular and ventricular 
systoles both cease. In persistent and complete absence of stimulus 
conduction between auricle and ventricle the third degree of impaired 
conductivity, or total heart block, is reached (complete cardiac dissocia- 
tion), when the auricles under the influence of their sinus node stimulus 
continue to contract normally, while the ventricles under the action of 
their less active automatic centres contract independently at longer 
intervals. ‘The same disturbance of conductivity also results from organic 
lesions of the bundle of His. 

An abnormally strong stimulus reaching the heart muscle during 
diastole gives rise to a premature contraction at the expense of the 
diastole ; this is known as an extrasystole. As the functional capacity 
of the heart muscle is then temporarily reduced, as in all refractory 
phases following every systolic contraction, the next physiological sinus 
stimulus with its comparatively weak action produces no effect, and a 
long pause results which includes the rest of the abbreviated diastole 
“and the whole of the following interval between the omitted systole and 
the next physiological systole, and also regularises the interval between the 
preceding normal systole and the following normal systole; this is known 
as the compensatory pause. The earlier the extrasystole occurs the 
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longer is the compensatory pause, and also the less effective the extrasys- 
tole. Consequently extrasystoles often produce no palpable arterial pulse 
(frustrated contractions), because at the time of their occurrence the filling 
and contraction function of the heart is too slight to produce it, and on 
the other hand the aortic pressure is too high to allow the expulsion of 
blood into the aorta. According to the place of origin of the extra 
stimulus one may distinguish between auricular, auriculo-ventricular and 
ventricular extrasystoles. The last two forms are accompanied by a 
compensatory pause already mentioned, while in auricular extrasystole 
this pause does not completely correspond to the duration of the two 
normal systoles, because the sinus stimulus which has already commenced 
is obliterated by the shortened auricular contraction and the extrasystole 
is therefore separated from the next physiological auricular contraction 
by a normal pause. 

Isolated extrasystoles have no effect on the circulation, but a series of 
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Fic. 171.—INTERMITTENT HEART ACTION IN THE Horse. 


Sphygmogram of the abdominal aorta; intermittence of two consecutive beats. (Time 
measure in 0-2 second.) 


extrasystoles may cause circulatory disturbance by insufficient filling of 
the arteries and fatigue of the heart muscle from rapidly repeated con- 
tractions. 

Symptoms. In ¢frue intermittence of ventricular systole, resulting from 
the second degree of conduction impairment, a pause in the cardiac 
systole is observed after every second to fifth or tenth to fifteenth beat, 
but in many cases the sequence of pauses is irregular. Usually only one 
beat is omitted, but sometimes two and occasionally three or four beats 
are dropped (Fig. 171). At the same time a somewhat premature and 
very short heart sound is often heard in the anterior cardiac area corre- 
sponding to the auricular contraction, while the usual strong systolic sound 
is absent. ‘The occurrence of auricular contraction can also be assumed 
by the negative venous pulse felt at the entrance to the thorax during 
the pause (Fig. 172). The pause is usually followed by a stronger heart 
beat, while the following beats are normal or uniformly weaker, or may 
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gradually diminish in strength. The pulse behaves similarly to the heart 
beat. During exercise or excitement the irregularity usually disappears, 
and it also varies during rest. Dreyer observed in a horse a temporary 
disappearance of the intermissions after physostigmine-arecoline injec- 
tions. 

In conduction inhibition of the first degree (in 9:2 per cent. of 994 
horses examined by Domracev), which usually accompanies the symptoms 
of the second degree described above, there is observed, according to the 
prolongation of the auriculo-ventricular contraction intervals, either a 
splitting or a duplication of the first heart sound, which in cases with 
simultaneous symptoms of the second degree is followed after a certain 
time by intermission. 

Extrasystolic arhythmia is recognised by the rapid succession of two or 
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Fic, 172.—INTERMITTENT HEART ACTION AND ASYNCHRONOUS VENTRICULAR CONTRACTIONS 
IN A Horse. 


A, Cardiogram with the small peaks (a) corresponding to the auricular contractions, and the 
larger peaks (5, 6’) corresponding to the ventricular contractions. The auricular peak 
persists during the omission of the ventricular systole, and in the phlebogram (B) of the 
jugular vein corresponds to the peak a (negative venous pulse). After each intermission 
of the ventricular systole the pressure rises in the unemptied vein. (Time measure 0-2 
second. ) 


several heart beats, which are separated from the other normal heart beats 
by a longer pause, resulting in bigeminal, trigeminal, etc., heart beats. 
The pulse beat corresponding to the extrasystole is usually absent, but 
when there is a longer interval after the preceding systole, or when there 
are a series of extrasystoles, a feeble pulse may be felt (Fig. 173). Bodily 
exercise aggravates arhythmia or renders it first apparent, while cardiac 
tonics often cause it to disappear temporarily. 

The symptoms of auricular fibrillation arhythmia are described else- 
where (p. 631). 

Course. ‘True intermittence following acute diseases disappears 
after the primary disease has subsided, but it may persist for some weeks 
or even permanently without affecting the health and working capacity 
of the animal. Extrasystolic arhythmia is a more serious condition, as it 
is often the foundation of severe heart affections (N6rr observed six deaths 
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from this condition in fifteen horses affected). Extrasystole of enterogen- 
ous or reflex origin is of no importance. 

Treatment. Animals with pronounced arhythmia, especially extra- 
systolic, should be treated with preparations of calcium and only put to 
work cautiously. In cases with organic disease of the heart muscle cardiac 
tonics may be given, but in the case of horses destruction must be seriously 
considered. 


Adams-Stokes Syndrome (Total Heart Block, Complete Cardiac 
Dissociation). ‘This term is applied to the third degree of impaired cardiac 
conductivity in which there is increasing permanent or intermittent bradycardia 
with attacks of unconsciousness and often also convulsions. ‘The number of 
cases reported in horses is now sixteen, but it is probable that earlier cases were 
described as severe bradycardia or bradycardia associated with auricular 
fibrillation. : 

The Adams-Stokes syndrome appears usually to result from tissue changes 
in the bundle of His—e.g., myocarditis and myocardial degeneration—which 
may be limited to the bundle or more extensive (Bang, Petersen, Marek and 
others), or cicatrices, abscess or tumour formation which inhibit the con- 
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Fic. 173.—ExTRAsysTOLIG ARHYTHMIA IN A Doc witH CarpIAC DILATATION AND 


MITRAL INSUFFICIENCY. 

C, Heart-beat: curve; A.f., sphygmogram of femoral artery; Z, time in } second; s, normal 
ventricular systole with distinct pulse (°) in sphygmogram; s’, extrasystole in which there 
is no beat at + in the sphygmogram, and at s’ only a minimal rise; s’-s”, repeated extra- 
systoles which are represented in the sphygmogram by minimal or hardly palpable rises. 


duction of the sinus stimulus to the ventricles completely and permanently, 
or in the earlier stages only periodically, causing an alternating Adams-Stokes 
syndrome with incomplete heart block and periods of more normal heart 
function (in such cases Wirth has suggested the possibility of a neuropathic 
origin). Under these conditions the sinus contraction stimulus from the 
auricle to the ventricle is obstructed (heart block), and consequently the 
ventricles have to depend on -their automatic centres, which have much less 
stimulus-producing capacity than the sinus node; the contractions of the 
ventricles are therefore abnormally tardy and quite independent of the contrac- 
tion of the auricle. Owing to the blockage at the auriculo-ventricular boundary 
the adaptability of the ventricles to the requirements of the whole organism by 
means of the extracardiac nerves diminishes ; thus no acceleration of the heart’s 
action takes place during exercise, excitement, etc., the circulation in the 
brain and other organs becomes deficient, and consequently attacks of fainting, 
dyspnoea and convulsions are liable to occur. These symptoms are also partially 
due to sudden temporary bradycardia of unknown origin causing a marked 
fall in blood pressure. 

Symptoms. ‘The most characteristic symptoms are periodical attacks of 
vertigo, anxiety, staggering or falling down, and tonic or clonic convulsions, 
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associated with bradycardia (24 to 16 per minute); also a nearly complete or 
complete absence of accelerated heart action during exercise which, in itself, 
may even induce increased bradycardia owing to defective adaptability of the 
cardiac frequency to the varying conditions of the organism. ‘Thus signs of 
heart weakness are manifested both during exercise and at rest, and the working 
capacity is reduced or abolished. Other signs are the presence of a palpable or 
visible pulse in the jugular vein exceeding the heart beat in frequency, and also 
the interpolation of short, dull and weak sounds between the heart sounds heard 
at the apex beat and originating in the more frequent auricular contractions. 
Another important sign is the absence of or only slight acceleration of the heart 
beat after the administration of atropine or adrenaline (for horses 0015 to 
0°02 gramme atropine sulphate, 10 c.c. of adrenaline), although other effects 
of atropine (dilatation of the pupils, dryness of the buccal mucous membrane) 
and of adrenaline (sweating at the site of injection) are manifested. 

The Prognosis is usually unfavourable, although in certain cases of inflam- 
matory origin recovery is not impossible. 

Treatment is limited to the administration of stimulants (caffein, camphor). 
Cardiac tonics sometimes aggravate the condition. 


4. Cardiac Asthenia (Heart Weakness) 
(Insufficientia cordis) 


This term signifies a reduced functional power of the heart muscle 
which may occur only under unusual strain (relative heart weakness) 
or under the usual conditions of daily life (absolute heart weakness). 
Absolute heart weakness in severe cases may appear even when the 
body is at complete rest (rest insufficiency), or in the’ most benign cases 
during very light exercise (exercise insufficiency). 

Etiology. Relative insufficiency occurs frequently in animals in 
the course of a few minutes or hours as acute heart weakness after over- 
exertion, especially in unusual muscular strain. Under such conditions 
the diastolic filling of the heart is increased by the excessive venous 
inflow, and at the same time the arterial resistance is raised by the powerful 
contractions of the body muscles, especially as during unusual muscular 
action inappropriate and insufficiently graduated motor impulses reach 
the muscles and also the necessary appropriate innervation of the blood- 
vessels is absent. ‘This effect is increased by a reflex contraction of the 
vessels of the heart from the carotid sinus, which results in a reduced 
supply of oxygen in the heart muscle. Especially detrimental are these 
influences if the heart muscle has previously only been subjected to slight 
efforts through periods of rest for weeks or months. ‘The same applies 
to weak animals and also those which are very fat. This form of acute 
heart weakness is most often observed in military and race-horses, and 
was of common occurrence in the first world war, when it was often asso- 
ciated with insufficient feeding or chronic affections of other organs. On 
a similar basis acute heart weakness also occurs in cattle and pigs, when 
the animals after prolonged confinement perform unaccustomed muscular 
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work, especially when driven, or when they jump about or become 
refractory. It is also observed in racing and sporting dogs after over- 
heating. 

Absolute heart weakness occurs in infective diseases and also in diseases 
of the myocardium from parenchymatous and fatty degeneration or 


atrophy of the muscle fibres, and also from the action of toxins. 


Chronic heart weakness develops slowly during days, weeks or months, 
sometimes under the influence of prolonged over-exertion (race-horses, 
draft horses, draft dogs), but more usually in valvular disease of the heart 
or myocardial affections (fatty degeneration, parenchymatous degenera- 
tion, myocarditis, tumours and parasites), pericardial adhesions and 


_ affections of the coronary veins. Renal disease may also give rise to 


chronic heart weakness by causing a permanent rise of blood pressure 
through general arterial contraction. Prolonged pulmonary emphysema 
may also lead to chronic heart weakness. 

Pathogenesis. In bodily overstrain even a healthy heart, especially 
one weakened by prolonged rest or malnutrition, may become to a variable 
extent incompetent because it cannot propel the extra amount of venous 
blood against the high arterial resistance. During further increase of 
the resistance the amount of blood propelled becomes progressively less, 
till finally no blood leaves the heart chambers and the latter remain 
filled. In absolute heart weakness a decrease in the volume of blood 
propelled takes place during even mild exertion or even in complete 
bodily rest, as the weakened heart muscle is no longer capable of over- 
coming the average arterial resistance, because its contractility as a 
whole, or that of the number of muscle fibres which are still contractile, 
has considerably diminished, and for the further reason that a diseased 
heart muscle 1s incapable of producing the necessary initial tension to 
overcome the arterial resistance. 

In weakness of both halves of the heart there results venous stasis with 
an increase of venous pressure proportional to the degree of weakness, 
while the arterial pressure may remain normal, because in cases of mild 
or medium severity the increase of the carbonic acid content due to 
venous blood stasis, as well as of the acid products of metabolism which 
are formed under these conditions, give rise to a compensatory tonic 
contraction of the small arteries, and in this way, in spite of the diminu- 
tion in the volume of blood propelled, the pressure between the heart 
and the arterioles is maintained at an average level, and in cases with 
excessive vascular contraction may even rise above normal. 

~ Unequal weakness of the two halves of the heart can exist only for a 
short time, otherwise in a few hours or less the whole amount of blood 
would accumulate on one side of the circulation. This inequality, how- 
ever, may persist for a time, and under certain conditions, if the con- 
dition be mild in degree, it may even remain permanently. In this way 
weakness predominating in the left side of the heart leads to insufficient 
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filling of the systemic arteries and delayed circulation in the capillaries; 
also to overfilling of the pulmonary veins with stasis in the pulmonary 
circulation. On the other hand, weakness predominating in the right 
side of the heart results in marked venous stasis with a defective flow of 
blood in the lesser circulation and in the systemic arteries. 

The deficient oxygenation of the tissue cells, the increase in the car- 
bonic acid tension, and the defective elimination of waste products give 
rise to impaired functional activity of the organs and the heart muscle 
itself. At the same time the heart’s action 1s accelerated, partly by in- 
creased excitability of the accelerator centre and partly by over-distension 
of certain sections of the heart by blood stasis, and probably also by the 
accumulation of waste products in the blood. Increased permeability 
of the capillary walls in course of time leads to cedema. 

Symptoms. Acute heart weakness may appear suddenly or in a brief 
space of time, especially after unaccustomed muscular exertion, in the 
form of severe circulatory insufficiency, manifested by marked dyspncea, 
cyanosis, often pulmonary cedema, acceleration and weakness of the pulse, 
which may become imperceptible, intense venous congestion and profuse 
sweating, soon followed by death in convulsions. Such cases of sudden 
death may occur in race-horses, sporting dogs, and especially in cattle 
and pigs when driven. On the other hand, mild cases of acute circulatory 
insufficiency are observed with moderate dyspnoea, lassitude, rapid 
fatigue, slight sweating, weakness of the pulse, with an increase of only 
half to double the pulse rate, and palpitation. Between these two extremes 
there are numerous intermediate forms. 

In acute heart weakness due to other causes the circulatory disturb- 
ances develop gradually and become acute only after several days. 
This mode of development is seen after less excessive but repeated over- 
exertion. In certain infections, however (e.g., foot-and-mouth disease), 
heart weakness may develop suddenly. In mild cases, when the animal 
is kept at rest, the circulatory disturbance subsides in a few hours or days 
without leaving a trace, and without the development of cedema. Severe 
cases which are not rapidly fatal become chronic and generally lose their 
severity. 


The term ‘‘ mountain sickness’ is applied to symptoms similar to those of over-fatigue 
occurring both in man and animals (horse, ass, mule, camel, dog, cat, fowl) at high altitudes 
of 3,000 metres above sea-level. It was observed by Fischer in draft and pack horses on the 
Bolivian plateaus and on the heights of the Cordillera, and by Gass in army horses in the Alps. 
It chiefly affects unconditioned animals which have come from the lowlands, and is aggravated 
by heavy work, cold or intense sun-heat and absence of wind. ‘The degree of severity is usually 
proportional to the altitude, but is also high in certain lower regions, possibly as the result of 
peculiar meteorological conditions. Gass observed this affection in horses at the comparatively 
low altitude of 500 to 1,100 metres after carrying up heavy loads at a smart pace for 600 to 700 
metres. ‘The cause of the affection is assumed to be a diminution in the oxygen tension in the 
alveolar air which leads to incomplete oxygenation of the hemoglobin and an accumulation 
of waste products in the tissues. Kronecker, however, attributes the affection chiefly to retarded 
pulmonary circulation caused by the twisting of numerous pulmonary capillaries in breathing 
rarefied air. ‘This view 1s supported by investigations in calves at high altitudes by Lempen, 
who found enlargement of the heart with thickening of the right ventricle as the result of the 
increased resistance in the pulmonary circulation. 


CARDIAC ASTHENIA 641 


1 


The symptoms occur during exertion and consist in acceleration and weakness of the pulse, 
rapid and laboured respiration, cyanosis, a moderate rise of temperature (39°6° C. according 
to Gass), sometimes epistaxis and bleeding from the mouth, and also an uncertain and sometimes 
high-stepping gait, exhaustion and collapse. Death from coma occurs more frequently than 
in man owing to the more strenuous work of the animals. 

Recovery often takes place after rest and the animals usually become accustomed to the 
local conditions. In some cases venesection may be necessary. 

Brisket disease is a term applied to an affection of the heart seen in cattle of the Colorado moun- 
tains, especially in those which have come from the plains. It is manifested by cardiac dilatation 
and cedema, and in advanced cases by hypertrophic cirrhosis of the liver. Recovery may take 
place after return to less elevated regions. 

Shock is a condition of acute failure of the cardiac and respiratory functions due to severe 
reflex nervous stimulation during operations. ‘The respiration is at first accelerated, then 
laboured, shallow, and in a few minutes completely absent. ‘The pulse is first accelerated and 
then irregular, and the mucous membranes are pale and cyanotic. Recovery usually takes 
place after immediate restorative treatment. Cases of shock have been observed in bulls and 
young boars after castration, in cows after amputation of the uterus, and in horses in operations 
on the hoof. Rudolf observed shock in horses after the explosion of a grenade in their immediate 
vicinity. 


The symptoms of chronic heart weakness develop gradually within a 
few days, weeks or months, and consist at first in cyanosis of the mucous 
membranes and unpigmented skin (especially in pigs), congestion of 
the small veins of the mucous membranes and conjunctiva; also distension 
of the larger veins, often with a negative (diastolic) pulsation. These 
symptoms are followed by dropsy and ascites (in dogs this is often the 
first. symptom), succeeded by dropsical effusion in the other. body 
cavities. 

Defective circulation in the brain with venous stasis gives rise to attacks 
of vertigo and loss of consciousness, especially during exertion and labour. 
Such attacks may occur frequently, sometimes ten to twenty times a day, 
and in horses cause the animals to drop on their knees (according to 
Katzke, this is characteristic of heart weakness in cardiac insufficiency). 
Stasis of the pulmonary circulation leads to respiratory troubles. and 
often chronic bronchial catarrh; occasionally to fatal hemoptysis. Further 
symptoms which may arise are epistaxis and pulmonary cedema, chronic 
gastro-intestinal catarrh with disturbances of nutrition, resulting from 
blood stasis in the gastric and intestinal walls, the liver and pan- 
creas. Sometimes the liver is enlarged. Stasis of the kidneys causes 
a diminished secretion of urine of high specific gravity, often con- 
taining albumin and sometimes hyaline and granular casts with red 
blood cells. | 

The heart beat is always accelerated and palpitating. Extrasystolic 
arhythmia with an intermittent pulse is often present, and in severe cases 
there is complete irregularity of cardiac function with galloping heart 
sounds and long pauses (arhythmia perpetua, delirium cordis). The 
heart is usually dilated. | 

By rest and suitable treatment milder degrees of circulatory disturb- 
ance may subside in a few weeks or months or improve sufficiently to 
render the animal fit for light work. Sometimes, however, improvements 
and exacerbations alternate without external causes. 

VOL. IL. 41 
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Diagnosis. ‘This is based on the characteristic symptoms of circula- 
tory disturbances occurring either during rest or only after exercise, 
together with the changes produced in other organs, by which the degree 
of heart weakness can be estimated. Also the nature of the basic affection 
can often be revealed by a systematic examination of the heart and other 
organs. For this purpose Alatorzeff recommends careful examination 
of the second aortic and pulmonary sounds in the resting state and re- 
examination after 15 to 30 minutes’ trotting. In defective cardiac 
function the second pulmonary sound, both during rest and after exercise, 
is accentuated, while in normal heart function only the aortic sound is 
accentuated after exercise. 

Circulatory disturbance due to vaso-motor paralysis in the course of 
acute febrile diseases and intoxications can be excluded by the absence 
of venous engorgement and arhythmia, and the absence of laboured 
breathing (absence of stasis in the pulmonary circulation). Also the 
mucous membranes, especially in the mouth, are pale and cyanotic as com- 
pared with the often dark purple colour in true heart weakness. In the case 
of coincidence of both affections, although there may be only moderate 
venous engorgement and dyspnoea, there is marked acceleration and weak- 
ness of the pulse. Attacks of severe dyspnoea may also occur in chronic 
pulmonary emphysema, chronic bronchial catarrh and laryngeal stenosis 
(usually paralytic), but these are associated with other symptoms, and 
the cardiac function after exercise does not differ.greatly from that in 
healthy animals under the same conditions. In cases of pronounced 
anemia and in animals debilitated by disease or malnutrition the pulse 
and respiration are accelerated, but arhythmia, venous engorgement and 
dyspnoea are absent, or if present not increased. 

Prognosis. ‘This depends upon the cause of the condition. Slight 
degrees of cardiac insufficiency after over-exertion or in the course of 
curable diseases usually end in complete recovery. ‘The degree of cir- 
culatory disturbance is of great importance, as the prognosis is unfavour- 
able in cases of severe or rapidly increasing insufficiency. The earlier 
cases respond to treatment, and the longer the improvement con- 
tinues the better is the prognosis, especially in animals that are well 
cared for. 

Treatment. In all cases and in every form of heart weakness com- 
plete rest in a well-ventilated loose-box. or in a shed in the open air is 
essential, and in mild cases due to over-exertion may be sufficient to effect 
recovery. ‘The diet should be nutritious and non-irritant and the feeds 
given in small quantities at frequent intervals. Constipation or digestive 
disturbances should be treated with mild laxatives (castor oil, calomel, 
rhubarb, aloes, etc.) In most cases digitalis or strophanthus is indicated; 
these drugs produce slowing of the cardiac frequency and thereby assist 
the diastole filling and increase the output of the heart, and also have a 
favourable effect on the circulation of blood in the heart muscle. At 
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the same time they increase the tonus of the heart muscle and so in- 
crease the volume of blood propelled in contraction of the ventricles. 
Lastly, they produce contraction of the abdominal vessels with simul- 
taneous dilatation of the peripheral and renal arteries, and thereby 
promote emptying of the veins, lower the venous pressure, improve the 
distribution of blood in the whole of the vascular system and also increase 
the elimination of waste products. ‘The choice of the drug, its dosage 
and its mode of administration depend on the degree and origin of the 
heart weakness, the species of animal and the condition of its digestive 
organs. In oral administration the action of these drugs does not mani- 
fest itself till after 12 to 24 hours, and their medicinal effect is elicited 
only after several days;. this is because the local irritation which these 
drugs produce interferes with the absorption of their active glucosides 
from the intestine and so delays their action on the heart muscle. Con- 
sequently in cases of severe heart weakness with completely wregular 
cardiac action, thready pulse, severe dyspnoea and cedema of the lungs 
it is advisable to administer these drugs intravenously, especially strophan- 
thin, because the latter when present in the blood in a certain concentra- 
tion can exert its action directly. In such cases, however, for the sake 
of caution it is better to commence with one-half or one-third the usual 
dose of strophanthin, followed in 24 hours by double the initial dose. 
In case no effect has been produced by the first dose, a third dose may 
be administered in 36 hours. When improvement has been observed, 
either sthe “last settective dose: administered can be repeated ‘or it 
may be preferable to give the drug orally or subcutaneously. Also 
strophanthin injections should be given only when no preparations of 
digitalis have been administered during the preceding days, the reason 
being that a high degree of impairment of the cardiac muscle (according 
to Gasmann this consists in over-distension of the left auricle) often induces 
marked susceptibility to the action of cardiac stimulants. This also occurs 
in heart muscle which has been already subjected to the action of digitalis 
or strophanthus; therefore in such cases there is a danger of over-dosage 
(in a case of Marek’s a horse died directly after an intravenous injection 
of 2 mg. of strophanthin, and similar cases have been reported in Human 
Medicine). In cases of heart weakness of lesser severity these drugs should 
at first be given orally or subcutaneously ; however, in this respect there 
are differences in different species of animals to be considered. In the 
horse the subcutaneous injection of digitalis or strophanthus preparations 
often causes painful, sometimes suppurating necrotic swellings at the 
site of injection, even when the site is massaged for a few minutes, while 
in carnivora and cattle subcutaneous injection is usually well tolerated. 
This fact is of importance in ruminants, because according to Salvisberg 
the active glucoside is destroyed by the ferments in the rumen, and con- 
sequently its oral administration is unreliable, even when the drug is 
given in solution or suspension and administered so slowly that it passes 


644. DISEASES OF DOMESTIC ANIMALS 


directly into the abomasum by the reflex of the oesophageal groove. 
It is stated that digitalis may cause abortion in pregnant cows. In animals 
with gastric disorders, and also in some hypersensitive animals, it is ad- 
visable to desist from the internal administration of galenic drugs, and 
particularly strophanthus preparations, as these regularly produce local 
irritation. In these circumstances, rectal administration of supposi- 
tories may be practised. In dogs, intramuscular injections some- 
times cause muscular necrosis; subcutaneous injections are therefore 
preferable. 

In the continuation of treatment by stomachal or subcutaneous 
administration Fraenkel’s method deserves consideration. In this 
method for the first 3 days the full daily dose is subdivided into several 
doses; the treatment is then continued with half this dose till the pulse 
becomes fuller and slower and the excretion of urine is increased. After 
this the treatment is continued with a third or a fourth of the original dose 
according to the state of the circulation and the reaction of the animal 
to the drug, or the treatment may be interrupted by periods of rest of 
1 or 2 weeks, during which only caffein and similar cardiac stimulants 
may be given. ‘These precautionary measures are necessary in view of 
the cumulative effect produced in varying degrees by all preparations of 
digitalis and strophanthus. Sometimes a change of preparation is. 
indicated when one or other becomes less active. 

In order that treatment shall be effective it is important to use only 
standardised preparations with a definite content in the active principles. 
Consequently only preparations which have been biologically titrated 
should be employed. Among the galenical preparations to be considered 
are: Digitalis pulverata, which may be given in the form of powder, bolus 
or suspension (for horses 2 to 4 grammes, cattle 4 to 6 grammes, dogs 
0-01 to 0:05 gramme); infusion of the leaves is unstable, less active and 
irritating to the stomach, and therefore not to be recommended. Tinctura 
digitalis is given to horses and cattle in doses of 10 to 20 grammes, for 
sheep and goats 5 to 10 grammes, swine 0:6 to 1-2 grammes, dogs 0-12 to 
0-6 gramme, cats 0-01 to 0-2 gramme. 

A number of unofficial standardised preparations of digitalis are in 
common use; these include Digztoxinum, which contains the insoluble 
crystalline glucosides digitoxin and gitoxin- as well as the more soluble 
glucosides; it is therefore unsuitable for hypodermic injection. Nativelle’s 
Crystallised Digitaline consists chiefly of digitoxin, and is administered by 
mouth or in cases of urgency by intramuscular injection. Digitalinum 
contains digitalinum verum, the glucoside present in digitalis seeds; it is 
non-cumulative in its action. Dugalen is a stable preparation of the thera- 
peutically active principles of digitalis leaves, pharmacologically standard- 
ised; it may be given by mouth or by intravenous injection in emergency. 
Digifoline contains the total glucosides of digitalis leaves. Dzgifortis is a 
tincture of digitalis free from fat, while Dzgztalone is a fat free, non- 
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alcoholic solution of the active principles. Diginutin contains the total 
glucosides of digitalis in solution equivalent in strength to the official 
tincture. 

Such preparations asithese “are: preferred: by, many practitioners, 
especially in small animal work, as they do not contain the resinous and 
pigmentary elements and are free from the irritating saponins and 
tannins present in the green plant. 

Strophanthus resembles digitalis in its actions, but when given by 
mouth in the form of the official tincture (dose for the dog 0-06 to 0-2 
gramme) it is less irritant and therefore causes less gastric upset, its 
glucoside is more readily destroyed in the stomach, it is more rapidly 
absorbed and quicker in action, it is more rapidly excreted and 
therefore does not possess the cumulative toxic actions of digitalis. 
Strophanthin, a mixture of glucosides obtained from strophanthus, 
is given hypodermically in the following doses: horses oor gramme, 
dogs 0:00025 to 0:0005 gramme, repeated as required if necessary 
hourly. 

Scilla and convallaria possess pharmacological actions similar to those 
of digitalis and strophanthus but have little application in Veterinary 
Medicine. 

In heart weakness associated with vascular atony, as often occurs 
in the course of severe infective diseases, some intoxications and sometimes 
after over-exertion, vaso constrictor drugs are indicated, such as caffein 
(as caffein-sodium benzoate or sodium-salicylate, for large animals 
6 to 8 grammes by mouth, 3 to 5 grammes subcutaneously 6- to 8-hourly), 
camphor (as oleum camphoratum, subcutaneously 6 to 10 grammes for 
large, 4. to 10 grammes for small animals, 0-25 to 0-5 gramme for dogs, and 
also in aqueous solution intravenously), ether (subcutaneously 10 grammes 
for the horse), adrenaline and ephedrine. In Human Medicine, in acute 
cardiac paralysis caused by failure of the cardiac nervous mechanism in 
anemia, intoxications, etc., intracardiac injections of adrenaline and 
strophanthin or of adrenaline alone are given. Cherechewski, Florintin, 
Lesbouyries and Mangin gave intracardiac injections of adrenaline for 
the revival of apparently still-born calves (2 to 4 c.c. in the fourth inter- 
costal space 4 to 5 cm. above the border of the sternum). 

In heart weakness with severe symptoms of stasis in the pulmonary 
circulation the right heart may be relieved by moderate blood-letting. 
Restlessness caused by severe palpitation may be treated by the applica- 
tion of cold compresses to the heart or by subcutaneous injections of 
morphine (0-19 to -0°32, eramme-and o-o1 to. 0°03 gramme). In 
bronchial catarrh accompanied by severe cough Lienaux recommends 
apomorphine (0-001 to 0-002 gramme for dogs—by mouth). Dropsy 
may be diminished by calomel (for dogs 0:05 to 0-10 gramme three to 
four times daily, by itself or with the same doses of jalap resin), or prefer- 
ably by other diuretics such as potassium acetate or nitrate, or squill, 


646 DISEASES OF DOMESTIC ANIMALS 


or diuretin (for dogs 1 to 3 grammes in water daily), and also by limit- 
ing the supply of water and sodium chloride. Infusion of hypertonic 
sodium chloride solution in quantities of 2 to 10 litres in horses and cattle, 
for the purpose of withdrawal of fluid from the tissues, as has been de- 
scribed by Krupski, may be dangerous from the sudden burdening of the 
circulation which results, and the same applies to the diuretic action of 
hypertonic solutions of glucose. Repeated paracentasis of the body 
cavities is often unavoidable. O’Shaughnessy and McGunn practised 
with encouraging results chirurgical paracentesis of the pericardial sac 
in greyhounds suffering from the effects of over-exertion, for the purpose 
of affording relief to the heart from external pressure. 


Acute Circulatory Disturbance due to General Vascular Dilatation 
(Vasomotor Paralysis). This occurs under the influence of certain drugs 
(amyl nitrite alcohol, chloral hydrate, chloroform), and also in the course of 
acute infective diseases, in which it forms the sole or principal basis of circulatory 
disturbance usually present, and may be associated with heart weakness due 
to myocardial degeneration or inflammation. ‘This condition is especially 
liable to occur, and in a severe degree, in sudden inundation of the blood by 
infective material, toxins or certain chemical poisons, after rupture of the 
stomach or intestine, gastro-enteritis, peritonitis and in certain cases of poisoning 
(arsenic, antimony, heavy metals, cantharides). 

Under the above-mentioned conditions there occurs vascular dilatation 
first in the splanchnic area and soon afterwards, or in severe cases immediately, 
there occurs a decrease in tonus of the peripheral arteries. In this way the 
greater part of the total volume of blood accumulates in the splanchnic vessels, 
being very extensible and not subject to counter-pressure by the tissues, while 
the other organs become anemic. ‘This results in a fall of arterial blood 
pressure, slowing of the circulation and diminished filling of the peripheral 
vessels, and consequent acceleration of the heart. 

Symptoms. Apart from those of the basic disease, the symptoms consist in 
marked acceleration, weakness and softness of the pulse without arhythmia, 
cyanosis with livid coloration of the mucous membranes (mostly noticed only 
in the buccal cavity owing to the usually febrile redness of the conjunctiva 
and nasal mucosa), and an absence of pronounced venous congestion. Accord- 
ing to the degree of circulatory disturbance there are also symptoms of fainting, 
weakness, staggering and accelerated respiration. In severe cases death occurs 
in a short time. Differential diagnosis must be made from true heart weakness 
(vide supra). 

Treatment. When not far advanced, vasomotor paralysis can be relieved by 
subcutaneous or intravenous injections of vasoconstrictor drugs such as caffein, 
adrenaline, ephedrine, provided true heart weakness can be excluded. Their 
effect may be increased by peripheral stimulation (friction with counter- 
irritants, cold applications) or in some cases by inflation of the udder with air. 
Intravenous infusions of physiological saline solution, artificial serum or 4 to 
10 per cent. glucose solution may also be employed (see Vol. III.). Ifnecessary 
these solutions can be given subcutaneously. If heart weakness is present at 
the same time this must be treated accordingly (vide supra). 
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5. Dilatation of the Heart (Dilatatio Cordis) 


The term incompensatory, myogenous or static dilatation of the heart 
signifies an increase in the capacity of the heart cavities in consequence 
of insufficient systolic emptying resulting from a relative or absolute 
reduction of cardiac power. This must be distinguished from adaptory 
dilatation due to increased diastolic filling of the cavities in valvular 
insufficiency (compensatory dilatation), or temporarily due to increased 
venous inflow during strong muscular contractions (accommodative, 


Fic. 174.—CARpDIAC DILATATION. 


The dotted line indicates the normal, the continuous line the enlarged cardiac dulness (fourth 
to sixth intercostal space). ‘The dulness extends backwards to the anterior limit of the 
liver dulness, which is also enlarged. (The same dog as in Fig. 175.) 


tonogenic dilatation, acute exertion dilatation). The latter form will not 
be further considered here. 

‘Etiology. In general this corresponds to the etiology of heart 
weakness, as a permanent increase in the capacity of the ventricles may 
result both from incomplete emptying after systole and from diastolic 
expansion of the weakened heart muscle. Consequently dilatation may 
follow heart weakness, especially when of long duration. Schmidt 
observed cardiac dilatation with relative valvular insufficiency resulting 
from malnutrition and over-strain in horses during the war. Stroh also 
found dilatation chiefly of the left ventricle in calves with a patent foramen 
ovale. In young dogs the author has frequently observed a strumous 
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heart with considerable dilatation (also found by Wilms in artificial 
struma), in which case, according to human physicians, there is, in 
addition to compression of the trachea, probably also a modified 
secretion from the hyperplastic thyroid gland causing continued 
stimulation of the heart’s action in the same way as in Basedow’s disease 
(“ cardiovascular equivalent of complete Basedow syndrome”’). Sach- 
weh observed advanced cardiac dilatation in young pigs with streptococcal 
infection. : 

Anatomical Changes. The cavities of the ventricles are enlarged 
and their walls flaccid, so that they collapse after incision. In dilatation 


Fic. 175.—GREATLY INCREASED CARDIAC DULNEss ON THE RIGHT SIDE. 


The dotted line indicates the limit of normal cardiac dulness usually present in large dogs. 
(The same dog as in Fig. 174.) 


without previous hypertrophy (passive dilatation) the walls are thin, and 
in advanced cases atrophic, so that eventually the epicardium may even 
be in contact with the endocardium. In dilatation of a previously 
hypertrophied heart (active dilatation) the heart wall is of normal 
thickness or sometimes even thicker, in which case the presence of 
dilatation is shown by the reduced width and wide separation of 
the trabecule on the inner surface, in addition to the increased size 
of the ventricles. The chorde tendinee are thin and elongated; 
the heart muscle usually shows parenchymatous or fatty degeneration 
and atrophy. ‘There are also changes due to stasis and dropsical 
effusion. 
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Symptoms. In advanced cases there is considerable enlargement 
of the cardiac dulness. In dilatation of the left ventricle in carnivora 
this may extend beyond the cartilages of the ribs (Fig. 174); in other 
animals it extends dorsally or posteriorly (Fig. 176). In dilatation of 
the right ventricle there is absolute dulness on the right side, or in narrow- 
chested animals an increase of the small area of dulness normally present; 
also in advanced cases extension of the dulness to the left side. The 
increased area of contact between the enlarged heart and the thoracic 
wall causes accentuation of the heart beat and the first sound, while the 


Fic. 176.—Carpiac DILATATION. 


The dotted line indicates the limit of normal dulness, which appears to lie too high in the 
figure owing to swelling of the lower thorax. ‘The continuous line indicates. the upper and 
posterior borders of the increased cardiac dulness. Owing to the dilatation the maximum 
point of the systolic sounds arising at the left venous ostium (larger circle) and the second 
pulmonary sound (smaller circle) are displaced upwards. 


diastolic sound is diminished or inaudible. Not infrequently an extra- 
systolic cardiac arhythmia is observed, sometimes with splitting of the 
heart sounds. Endocardial sounds due to relative insufficiency of the 
valves may also be present. In all cases the pulse is weak and often 
associated with arhythmia and intermittence. In cases of longer duration 
there are also signs of stasis, especially engorgement and diastolic, 
occasionally positive pulsation in the jugular veins, cyanosis, 
vertigo, laboured respiration, and sometimes pulmonary hemorrhage, 
cutaneous oedema, hydrops of the body cavities, and diminution in 
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the excretion of urine. Dyspnoea may be increased to asphyxia by 
exercise and cause sudden death. 


In a fowl with extensive dilatation of the right ventricle due to opening of the hepatic veins 
into the right auricle and patency of the ductus Botalli, Reinhardt observed dyspncea, distension 
of the abdomen and emaciation. Dilatation of the left ventricle resulting from mu:culer 
degeneration, often with hydrothorax, is the principal morbid change found in the so-called 
‘* quick disease ’? (Gousiekte), which is an intoxication caused by eating the Vangueria pygmea 
plant in South Africa and is usually fatal in 4 to 6 weeks. The plant is only dangerous when 
growing on red soil containing iron (Theiler). 


Course. In well-conditioned animals, and when the affection is not 
far advanced, temporary recovery may take place, with reduction of the 
area of cardiac dulness. On the other hand, in strumous heart, in 
spite of extensive dilatation, stasis 1s sometimes absent, while psychical 
excitement and comparatively slight bodily exercise may cause 
threatening asphyxia or sudden death. Acute dilatation may recover 
completely. 

Diagnosis. This is based on the presence of increased cardiac 
dulness with intensification of the first and weakening of the second 
sound, cardiac arhythmia, feeble pulse and symptoms of stasis. The 
feeble pulse excludes primary cardiac hypertrophy, and the absence 
of dulling of the heart sounds and friction sounds excludes pericarditis 
and hydropericardium. 

Treatment. ‘This consists in rest and the administration of cardiac 
tonics as in heart weakness (q.v.). Dilatation occurring after over-exertion 
or in the course of acute infective diseases often undergoes resolution, 
but in other cases only temporary improvement can be expected, although 
this sometimes lasts for some time. After the condition has improved 
the animals may be put to light work, but require a nourishing diet. 


6. Hypertrophy of the Heart (Hypertrophia Cordis) 


Hypertrophy of the heart arises from thickening and also multiplica- 
tion of the muscle fibres under the action of increased function extending 
over at least 4. weeks. | 

Etiology. Hypertrophy is caused by repeated strain during work. 
It occurs in horses used for rapid motion, in sporting dogs, and occasionally 
in pack horses and draft oxen. In some breeds of these animals it appears 
to be a congenital condition (physiological hypertrophy). In both in- 
stances the hypertrophy is proportional to the development of the body and 
requires no treatment. 

In pathological hypertrophy, on the other hand, the increase in thick- 
ness of the heart muscle is not related to the development of the skeletal 
muscles or is limited to certain parts of the heart. In persistent circulatory 
disturbance the centripetal portion of the heart is hypertrophied, in 
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affections of the left venous ostium the right ventricle also. Affections 
of the heart muscle, such as myocarditis, tumours, echinococci, etc., 
also give rise to hypertrophy of parts of the heart not directly affected. 
Again, pericardial adhesions may cause increased cardiac function and 
thereby hypertrophy; also acute cardiac dilatation when the musculature 
is practically unaltered. According to Strobel’s experiments on cats, 
stenosis of the trachea may cause hypertrophy of the heart. In chronic 
myocarditis hypertrophy may be only apparent and may be due to cellular 
infiltration or connective tissue proliferation. In old dogs hypertrophy 
is often found in cases of chronic renal disease. 

Secondary hypertrophy occurring in connection with chronic diseases 
of the heart, lungs, bloodvessels and kidneys is a part symptom of these 
diseases and is described with them. In this place only idiopathic hyper- 
trophy needs further consideration, as it sometimes occurs after acute 
cardiac dilatation and occasionally perhaps under the influence of un- 
known irritants. 

Anatomical Changes. In order to determine the presence of 
cardiac hypertrophy a knowledge of the physiological dimensions of the 
heart, of its weight compared with the body weight, and of the size of 
the cardiac chambers is necessary. 


The ratio of the weight of the heart to that of the living body in the horse has been estimated 
by different observers as 1 per cent., 1-28 per cent., and 0-84 per cent.; in cattle as 0°33 to 
42 per cent.; in bulls as 0-44 per cent., oxen 0-41 per cent., Cows 0°49 ‘per cent., and calves 
O°7 per cent.} sin dogs 1 per cent.; in fattened pigs as 0°34 to o: 41 per cent. 


When hypertrophy is present the shape of the heart is altered as fol- 
lows: In hypertrophy of the left ventricle the heart is elongated and more 
conical in shape; in hypertrophy of the right ventricle it 1s wider and 
flatter and the apex is partly formed by the right ventricle ; moreover, in 
advanced hypertrophy the latter may extend over the apex of the left 
ventricle. The thickened muscle is firm or of the consistence of rubber. 
The weight is always increased and may be double the normal. 

Symptoms. Physiological hypertrophy gives rise to no morbid 
symptoms. The symptoms of cardiac hypertrophy in organic diseases 
of the heart or vessels are described under these diseases. 

Other forms of hypertrophy are manifested by a moderate increase 
of the cardiac dulness, accentuation of the apex beat and diastolic heart 
sound, and increased tension of the pulse. At a later stage in certain 
cases symptoms of heart weakness apnea at first only during exercise, 
but later also when at rest. 

Treatment. Threatening asthenia of the heart must be avoided by 
careful working of the animals and suitable feeding, and commencing 


' heart weakness treated by cardiac tonics (p. 644). 
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7. Inflammation of the Heart Muscle (Myocarditis) 
(a) Acute Myocarditis 


Acute myocarditis may be either parenchymatous, or a simple inflam- 
matory process with preponderant degeneration of the muscle fibres, and 
sometimes only slight inflammatory exudation; in other cases suppura- 
tive with the formation of purulent foci. 

/Etiology. According to several observers, there occurs in horses and 
hounds a primary parenchymatous myocarditis which appears after bodily 
over-exertion. ‘This is more probably an acute dilatation of the heart with 
pure degeneration similar to that described by Zschokke in the myocar- 
ditis sometimes observed in sucking calves after long railway transport, 
and to the degenerative process resulting from the action of toxins 
following inflammation of the umbilicus, and associated with arthritis 
and enteritis. According to Schach, excess of carbonic acid in the blood 
after increased cardiac action was the cause of the degenerative 
process. The consumption of large quantities of milk has also been 
mentioned as a causal factor. Disseminated degeneration of the heart 
muscle in young fattening pigs, which is often fatal and is everywhere 
on the increase, described by Karsten, Pallaske, Nieberle and others, is 
often connected with lack of exercise and a monotonous diet including 
excess of proteins, and with unnatural conditions of living. Glasser 
suggests this condition 1s produced by maize poisoning in cases in which 
hemorrhagic, necrotic foci are present in the liver. Hobmaier, in lambs 
and young pigs, found hyaline degeneration and calcification in the heart 
muscle associated with similar changes in the skeletal muscles. Marsh 
and Jarmai observed this condition in enzootic form in lambs (< stiff 
lambs ’’). 

Acute myocarditis, however, is usually of secondary origin; it often 
occurs in the course of acute infective diseases, especially septicemia, 
where it is caused by the action of the infective agents or their toxins. 
Myocardial changes of similar origin also develop in the course of malig- 
nant foot-and-mouth disease, usually during the stage of healing of the 
local lesions of the mucous membranes, but especially in suckling pigs and 
in connection with intra-uterine infection. In such cases the cause of 
death can only be determined by the presence of characteristic focal 
changes in the heart muscle (tiger heart) or by experimental inoculation. 
According to Medveczky, this condition commences with degenerative 
changes and the inflammatory process is caused secondarily by the 
irritant action of the products of tissue degeneration. Lesage observed 
enzootic myocarditis in a flock of lambs in connection with aphthous 
stomatitis transmitted by a ram. Dhieckerhoff also described septic myo- 
carditis occurring in the course of the so-called ‘‘ scalma’’ of horses 
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(p. 501), and attributed it to toxi-infection, as in the parenchymatous 
myocarditis seen in infectious anemia of horses. Acute myocarditis may 
be secondary to acute endocarditis or pericarditis. 

Parenchymatous degeneration of the heart muscle, with or without 
fatty degeneration, may be caused by certain chemical poisons (mercury, 
arsenic). Suppurative myocarditis sometimes occurs because of embolism, 
by which pus organisms are transmitted to the heart muscle. This occurs 
most frequently in cattle in suppurative or gangrenous necrosis in the lungs, 
intestine, umbilicus, hoofs, uterus, cardiac valves, etc. It may also occur 


‘in other animals; for instance, in the horse in connection with strangles, 


glanders and gangrene of the skin. In cattle the necrosis bacilli 
give rise to dry foci of necrosis in the heart muscle. In an ox Singer 
found a suppurating actinomycoma. Injuries caused by _penetrat- 
ing foreign bodies may also cause purulent myocarditis, especially in 
cattle. 

Anatomical Changes. The heart muscle is reddish-brown, 
greyish-red, flaccid or friable and permeated by dark red, grey or yellow 
points and streaks (tiger heart, or myocarditis acuta multiplex). These 
changes are especially pronounced in malignant foot-and-mouth disease, 
mainly in the wall and septum of the left ventricle (never in the auricles), 
often in connection with subepicardial hemorrhages. A similar condition 
is presented by multiple degeneration of the heart muscle in swine when 
it affects the whole of the musculature, but is more pronounced in the 
wall of the left ventricle. Parenchymatous degeneration with subendo- 
cardial hemorrhages also occurs in acute cases of infectious anemia of 
horses, in subacute and chronic cases often with speckled changes, occa- 
sionally of the type of tiger heart, in which there is destruction of muscle 
fibres, cell infiltration and connective tissue proliferation, and finally 
cicatrisation. In lambs Jarmai found calcification of the heart muscle. 
In myocarditis of calves following railway transport there is observed a 
macular, or diffuse greyish-white, or clay-coloured appearance of the 
subepicardial and subendocardial tissue sharply limited to the left ven- 
tricular wall, which on microscopic examination is found to be caused by 
degeneration and atrophy of the muscle fibres with marked proliferation 
of nuclei; slight oedema is sometimes evident at the base of the heart and 
root of the aorta. 

Suppurative myocarditis is characterised by the presence. of small 
purulent foci or larger abscesses (myocarditis purulenta), the contents of 
which may become caseous or calcified. Occasionally these may rupture 
into the pericardial sac or the ventricle. 

Symptoms. In advanced cases there occur symptoms of heart weak- 
ness, with marked acceleration and weakness of the pulse, and often arhyth- 
mia caused by extrasystoles or true intermission. ‘To these are added 
symptoms of blood stasis, including cyanosis and venous engorgement. 
All these symptoms may retrogress, but in severe cases they continue to 
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increase in severity till the pulse becomes thready, irregular or intermittent, 
and venous pulsation develops, together with attacks of vertigo, trembling 
and prostration, till death occurs from cardiac paralysis. Occasionally 
death may occur suddenly in the absence of previous severe symptoms 
or after a short period of dyspnoea. Such cases of sudden death are seen 
chiefly in malignant foot-and-mouth disease, multiple myocarditis of 
lambs and swine, sometimes in the course of pleuro-pneumonia of horses, 
and also after the rupture of an abscess in the heart muscle. Careful 
examination in such cases, however, will reveal a certain disturbance 
of cardiac function {in cases occurring in foot-and-mouth disease an 
- accentuation of the heart beat to 80 or 140 in adult cattle and 200 to 
240 in calves), and also a varying degree of arhythmia, usually extrasystolic, 
but sometimes due to true intermission, occasionally to the degree of 
delirium cordis. Respiration is also accelerated. In these cases death 
may be unexpected in animals when at rest, and more often occurs 
after comparatively slight efforts such as rising or lying down, or when led 
from their stalls or when at pasture, and also after over-filling of the 
stomach. 


Myocarditis following railway transport in young calves, considering its frequency, rarely 
causes a sufficient degree of prostration or respiratory disturbance to necessitate emergency 
slaughter. . 

Pigs with multiple degeneration of the heart muscle, even in the absence of premonitory 
symptoms, may be found dead in the morning or die in convulsions, or they may die suddenly 
during periods of excitement—e.g., when running to the feeding trough. 

Myocarditis multiplex in lambs, according to Jarmai and Marsh, either causes sudden death 
when the animals are driven, or periodical attacks of tremor, falling and lying down with the 
neck stretched out, while intermittently the animals may appear quite normal (mortality 40 to 
50 per cent.). 


Diagnosis. In its later stage myocarditis is distinguished from 
pericarditis or endocarditis by the absence of pericardial and endocardial 
heart sounds. General vaso-motor paralysis is characterised in simple 
cases by the absence of venous engorgement and by the pale blue colora- 
tion of the mucous membranes. In multiple degeneration of the heart 
muscle in young pigs and lambs, rickets and tetanus must be excluded in 
the differential diagnosis. 

In determining the nature of the myocarditis the accessory 
conditions must be taken into consideration. For instance, in sup- 
purative inflammation the presence of infection by pyogenic bac- 
teria or of metastasis in other organs; in the parenchymatous form, 
the presence of parenchymatous nephrosis and the history of ante- 
cedent infective disease (foot-and-mouth disease) or of railway 
transport. 

Prognosis. Insimple acute myocarditis the prognosis depends on the 
nature of the primary disease, and on the frequency, volume, tension 
and rhythm of the pulse. A weak and very irregular pulse with a fre- 
quency of at least double the normal, associated with definite signs of 
stasis, is of unfavourable prognosis, and so is myocarditis appearing in the 
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course of infective diseases (foot-and-mouth disease). It is also unfavour- 
able in suppurative myocarditis. 

Treatment. General treatment comprises rest in well-ventilated 
houses, or in the open under cover or in open sheds, and the avoidance 
of all unnecessary movements. Medicinal treatment includes moderate 
doses of alcohol, black coffee or caffein (large animals 6 to 8 grammes, 
small animals 0-5 to 1:0 gramme, 6- to 8-hourly subcutaneously), and the 
usual cardiac tonics (see under Cardiac Asthenia). The diet should be 
nutritious. 


(b) Chronic Myocarditis . (Myocarditis Chronica) 


Proliferation and contraction of the connective tissue with atrophy 
of the muscle fibres of the heart is probably not uncommon, and may 
account for a proportion of cases described as adiopathic cardiac hyper- 
trophy and dilatation. 

Etiology. Chronic myocarditis may follow the acute form, or it may 
develop around abscesses or tuberculous foci, occasionally in connection 
with muscular rheumatism, chronic renal and arterial disease, and also 
in chronic pericarditis and endocarditis. Sometimes it develops indepen- 
dently of any known cause, or possibly under the influence of toxic and 
mechanical irritation in persistently raised blood pressure, as necrotic 
and later connective tissue foci have been produced artificially in rabbits 
by the combined injection of caffein and adrenaline. Embolic occlusion 
of the coronary veins may give rise to myomalacious lesions in the heart 
muscle. 

Anatomical Changes. ‘The heart muscle is increased in density, 
either partially or throughout its substance, and presents greyish macule or 
streaks formed by cicatrices or indurations. Larger cicatrices sometimes 
become distended by blood pressure (aneurysma cordis chronicum 
fibrosum). In advanced cases the heart is enlarged by hypertrophy of 
its walls or distension of its chambers. 

Symptoms. Small cicatrices in the heart muscle may cause no 
symptoms, but there are usually signs of heart weakness, first noticed after 
exercise or excitement, especially a weak and arhythmic pulse, palpitation 
and venous congestion. Other symptoms which may be present are 
attacks of vertigo, a staggering gait, dyspnoea, exhaustion and some- 
times collapse. At a later stage the symptoms are manifested also 
when the animal is at rest, and are followed by cardiac dilatation 
and cedema. . 

Course. Under the influence of external conditions the symptoms 
vary considerably, with alternating improvement and exacerbation. In 
some cases death takes place suddenly during over-exertion or from 
thrombosis of the cardiac chambers. In a case of Heidrich’s in an ox, 
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in which tremor, dyspnoea and prostration occurred after feeding, a 
large tuberculous focus was found in the left ventricle. In animals 
which are well cared for the disease may not become manifest till 
the appearance of signs of stasis (bronchial catarrh, hydrops, gastric 
catarrh, etc.). 

Treatment. Severely affected animals incapable of work should 
be slaughtered. Otherwise the treatment is the same as for cardiac 
asthenia (q.v.). 


Sequela of Foot-and-Mouth Disease (Asthma Cardiacum Postaph- 
thosum). ‘This affection, which was first described by Hungarian veterinarians 
(Schleiffer and others) and later by Giovanoli in Switzerland, by Dutch veter- 
inarians and by Hamoir in Belgium and Luxemburg, consists in chronic focal 


Fic. 177.—SEQUEL OF Foot-ANp-MoutH DiskEaser. 


Emaciation, long shaggy hair (in August), aspect of anxiety, salivation, slight gaping of the 
mouth, backward extension of the border of the lung. 


myocarditis with pulmonary emphysema, probably due to a general proto- 
plasmic injury caused by the virus of foot-and-mouth disease. Foci of dis- 
coloration and degeneration similar to those found in the heart are also present 
in the skeletal muscles. 

The morbid changes found by Giovanoli and Hamoir were chronic and 
partly interstitial pulmonary emphysema, predominating in the anterior lobes, 
dilatation of the heart with attenuation ofits walls, and yellow or whitish sclerotic 
or calcified foci in the heart muscle. Beller found circumscribed grey or 
yellowish indurations 1 to 2 cm. long and 0°5 cm. wide, with central lipoid 
foci in the same portions of the heart muscle as in acute myocarditis occurring 
in foot-and-mouth disease (myofibrosis xanthomatosa cordis). 

The symptoms appear 13 to 2 months after recovery from foot-and-mouth 
disease and consist in emaciation in spite of normal appetite, gradual diminu- 
tion of milk secretion, shagginess of the coat—which may resemble that 
of a bear (Fig. 177)—accelerated and laboured respiration with dilatation of the 
nares, gaping of the mouth with protrusion of the tongue and attacks of asphyxia 
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during exercise. In addition to signs of pulmonary emphysema, the pulse is 
accelerated, weak and arhythmic, both during rest and on movement. 

The disease runs a protracted and unfavourable course. Only a compara- 
tively small number of milder cases recover, and these remain virus: carriers 
for months. The losses may be reduced by timely serum treatment of the 
foot-and-mouth disease. 

Medicinal treatment (iodides, cardiac tonics, Fowler’s solution) produces no 
effect. By rest and good feeding mild cases may recover, but emaciated 
animals in which severe dyspnoea is evident should be slaughtered. 


~ 


8. Ossification of the Heart Muscle 


This rare condition consists in the formation of spongiose bone tissue, 
usually in the right auricle and its appendix only. Of the 26 cases reported, 
20 occurred in horses, 2 in cattle, 1 in a dog and 3 in man. 

ZEtiology. ‘This condition appears to be due to the effect of mechanical 
irritation, by producing overloading and distension of the auricular wall in 
increased functional activity, together with forced expiration. According 
to Joest and Schieback, ossification is especially liable to occur in the horse 
owing to its active calcium metabolism. ‘This view of the origin of the ossifica- 
tion is supported by its almost exclusive limitation to the right auricle as well as 
by its predominance in the equine species. ‘The frequent repetition of such 
irritation gives rise first to chronic inflammatory changes with new connective 
tissue formation and later to the development of cartilaginous and osseous 
tissue in the form of plates and islands the coalescence of which causes ossifica- 
tion of the auricular appendix or even of the whole of the auricular wall, so 
that the auricle appears as if tensely distended. The process of ossification 
does not extend beyond the venous openings. 

_ Symptoms are usually absent, except in extensive ossification, when there 
are moderate signs of circulatory impairment which cannot be attributed to 
their true origin during life, except by means of radiography. 


9. Rupture of the Heart Muscle (Ruptura Cordis) 


‘Etiology. <A healthy heart usually ruptures only as the result of 
direct injury, from external violence or from the entrance of a foreign 
body from the reticulum. It may be caused by the action of hydraulic 
pressure in a suddenly increased pressure on the thorax, as in a case ob- 
served by Thum in a cow, after a blow with the horn in the cardiac region, 
and in Brunst’s case in a horse after a blow with a pole. In a case 
reported by Furtuma rupture of the heart in a horse was caused by the 
effect of an electric current of 500 volts. 

As a rule rupture of the heart results from disease of the cardiac 
muscle with reduced resistance of its walls caused by degeneration and 
atrophy of the muscle fibres, most frequently in cases of valvular disease, 
more rarely from occlusion or aneurysm of the coronary veins, abscess 
formation, tumours or parasites (echinococci). In 0-032 per cent. of 
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slaughtered pigs Graf found an aneurysm at the apex of the heart which 
had caused no symptoms. Among accessory causes may be mentioned 
severe muscular exertion, rectal tenesmus, meteorism, excitement, etc. 
In cattle, traumatic injuries from foreign bodies are not uncommon. 

Anatomical Changes. In rupture of the heart the wound has 
a ragged border and zigzag course, while in rupture of an aneurysm 
of the heart or of the first part of the aorta the opening is gaping. In 
thirty-four cases in horses in which the situation of the rupture was 
recorded it was found once in the interventricular septum, three times 
in the left and seven times in the right ventricular wall, eight times in 
the left and fifteen times in the right auricle. At the same time the 
pericardial cavity is filled with blood (hemopericardium), except in 
rupture of the interventricular septum and also in non-penetrating 
rupture. | 

Symptoms. ‘The rapid escape of blood from the heart causes 
death from compression of the heart in a few minutes. In non-penetrating 
rupture the effect of shock causes intermission of the heart’s action or actual 
heart weakness of varying duration, with a weak and rapid pulse, tremors, 
staggering, vertigo and dyspnoea. After a few minutes the tremors and 
dyspnoea subside, and under favourable conditions the circulatory dis- 
turbances gradually disappear in the course of 1 to 3 weeks. A pene- 
trating rupture of only slight degree causes tremors, staggering, profuse 
sweating, collapse or anxiety, a weak and rapid pulse (70 to 80 per 
minute), dyspnoea, venous congestion and a venous pulse. 

Treatment. ‘This is only applicable to cases of incomplete rupture 
or those in which there is prolonged bleeding. Complete rest with the 
avoidance of all movements and excitement is very important, and if 
need be the removal of the stable companions and protection from flies. 
Mild laxatives such as Epsom salts should be given, and green food and 
carrots included in the diet. Venesection, when performed timeously, 
may save life (Leonhardt). 


Other Affections of the Heart Muscle. Fatty heart results on the one 
hand from an excessive deposition of fat under the epicardium, and also in the 
form of large polypous nodules; on the other hand, from fatty degeneration 
of the muscle fibres in certain intoxications and infective diseases. 

Both large deposits of fat and extensive fatty degeneration give rise to heart 
weakness, although the dyspnoea and vertigo which develop in this condition 
are probably due in part to deposits of fat in the respiratory muscles and in- 
creased body weight in obese animals. ‘Treatment consists in the medicinal 
and dietetic measures for obesity discussed in Vol. III. 

Tumours of the heart are of subordinate clinical importance. ‘They include 
fibroma, myxoma, fibromyxoma, lipoma, sarcoma (melanosarcoma in horses), 
fibrosarcoma, angioma, rhabdomyoma, lymphangioma, sietastatic sarcoma 
and carcinoma, and occasionally lymphosarcoma. ‘The most common are 
fibrosarcoma, and in the horse melanosarcoma. ‘Tumours projecting into the 
chambers of the heart or the pericardium are often pedunculated. 
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The symptoms are very indefinite. The lesions are seldom manifested by 
functional disturbance of the heart or increased dulness. 

Parasites are sometimes found in the heart muscle, the most common being 
cysticerci and echinococci. ‘The former do not seem to interfere with the cardiac 
function and echinococci are often found after slaughter without having caused 
any previous symptoms. Very large or multiple echinococci (twenty in a case of 
Morot’s) give rise to cardiac disturbance and occasionally sudden death from 
cardiac paralysis and rupture, or rupture of the cyst with escape of its contents 
into the pulmonary artery (Eggeling). 

Sarcosporidia may also be found and are generally harmless, although in 
a case of Hauger’s severe symptoms were caused in a cow by numerous 
Miescher’s tubes. Sarcocys tenella is common in the sheep. Other parasites 
which have been observed are Duirofiliaria in the right auricle, Angiostrong ylus 
vasorum in the dog, and Fasciola hepatica in a blood clot on the chorde tendinee 
in a cow. 


10. Acute Endocarditis (Endocarditis Verrucosa et Ulcerosa) 


Atiology. Endocarditis is a comparatively rare affection in animals 
and is usually caused by bacterial infection, most frequently by pyogenic 
organisms (mono-, strepto- and staphylococci, Corynebacterium pyogenes), 
and in swine by the erysipelas bacillus (often found in filament formation 
in the pathological lesions). Jensen and Thomassen found the Bac. 
coli communis in. association with other bacteria in ulcerative endocarditis, 
Kitt botriomyces in a horse, and Luginger streptothrixinacow. Tubercle 
bacilli have been found in cardiac deposits in cattle by Gadéac and others, 
and also C’. renalis and C. pyogenes. Pasteurella are probably often con- 
cerned in the etiology, as Jensen found ovoid bacteria in dogs and Bang 
and de Jong the micro-organism of swine septicemia in pigs. De Jong 
observed acute endocarditis in swine fever, and in a similar case Sever 
and Hirt found the Bac. suipestifer. In calves and young cattle Ettore 
observed several cases following an atypical septicemic form of blackleg, 
with characteristic changes in the heart muscle. 

Sometimes endocarditis develops as a primary condition, but is much 
more frequently secondary through extension of inflammation from 
neighbouring tissues (heart muscle, pericardium, mediastinum), or 
through hematogenous infection from remote organs in pyemic and 
septicemic affections, such as wound infection, purulent omphalitis, 
pox, puerperal fever, strangles, purulent inflammation of the serous 
membranes, and malignant foot-and-mouth disease. Sometimes bacterial 
infection occurs through apparently unimportant lesions (ulcers on the 
tip of the tail or other parts of the skin, bites, pressure gangrene in horses, 
etc.), and from inflammatory foci in other organs (in a case of Blanc’s 
from the biliary passages). Placental infection appears to be also possible, 
as sometimes several young animals of the same mother are affected 
successively. ? 
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In contrast to what obtains in man, articular rheumatism in animals 
rarely gives rise to acute endocarditis (most often in cattle); also rheumatic 
founder in horses is only occasionally associated with endocarditis, and 
the same applies to croupous and catarrhal pneumonia. Localisation 
of the bacilli of swine erysipelas in the tissues of the heart valves 
occurs both in erysipelas septicemia and in erysipelas urticaria, 
and has also been observed in serum horses. The first case of 
endocarditis caused by bacilli of swine erysipelas in the dog was re- 
corded by Mickschowsky. 

In some cases no micro-organisms are found, either because they have 
undergone lysis, or because bacterial toxins absorbed in other organs have 
caused the inflammation. 

Predisposing causes such as exposure to cold, over-exertion and trau- 
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Fic. 178.—SPHYGMOGRAM OF THE FEMORAL ARTERY OF A Doc wiTH ULCERATIVE 
ENDOCARDITIS OF THE AORTIC VALVES. 


Pulse bounding and much accelerated. (Time indicated in o-2 second.) 


matic influences (fractured ribs, etc.) sometimes constitute an important 
factor. 

Pathogenesis. Direct adherence of the bacteria in the circulating 
blood to the contiguous surface of the valves or endocardium is probably 
of rare occurrence. More usually they appear to be conveyed embolically 
in the capillaries of the valve tissue and also in the heart muscle. This is 
possible because of the vascular arrangement, in which, according to 
Eisenmann, the vessels form a superficial network on the surface of the 
valves, where they are imbedded in an aponeurotic tissue, and therefore 
at every extension of the valves are compressed by this aponeurotic 
tissue, causing a periodically recurring delay in the circulation, during 
which micro-organisms may gain entry to the valvular tissue. The 
bacteria and their toxins give rise to inflammation of the valves and 
heart muscle, with roughness of the surface of the valves, on which 
thrombi are deposited, causing a mechanical hindrance to the circulation. 
At the same time the myocarditis leads to heart weakness, which becomes 
ageravated by general infection or toxemia. 

Anatomical Changes. Usually the valves of the left side of the 
heart are affected, less often those of the right side (endocarditis valvularis), 
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while the pulmonary valves are rarely affected. Inflammation con- 
fined to the endocardial lining of the heart is exceptional (endocarditis 
parietalis). 

In endocarditis valvularis verrucosa nodules are found on the surface 
of the valves and on their inner borders. These may coalesce to form 
larger nodules and become covered with thrombi. In endocarditis 
valvularis ulcerosa ulcers are found, with irregular borders and a reddish, 
grey or yellow base covered with fibrin deposit. Occasionally saccular 
dilatation of a valve is present (aneurysma valvulare acutum) or rupture 
of the same. Ulcerative destruction of its tissue may cause an irregular, 
swollen and eroded condition of the 
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the nature of the process and the 
causal micro-organisms, the different 
degrees of involvement of the heart 


Fic. 179.—TEMPERATURE, PULSE AND 
RESPIRATION CURVES IN ULCERATIVE 
ENDOCARDITIS OF A DOG FOLLOWING 
AN ULCER OF THE TAIL. 


muscle, the extent of theinflammation, 

and the presence or absence of general infection. In some cases the early 
symptoms consist only in malaise and lassitude, with a slight rise of tem- 
perature, while other cases may commence with severe prostration, com- 
plete loss of appetite and high epee Between these two extremes 
there are many transitions. 

The heart beat is usually accentuated, palpitating and accompanied 
by definite shaking of the wall of the chest, and is increased in frequency to 
one and a half or in severe cases to four to five times its normal rate in 
larger animals, in smaller animals to two to three times the normal. 
The cardiac dulness is seldom increased, except in the case of dilatation 
at a later stage. On auscultation the heart sounds are weak and muffled, 
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and usually blend to form a single sound. Sometimes endocardial 
murmurs are heard. 

The pulse, in addition to its acceleration, is often arhythmic as the 
result of true extrasystolic intermission, and consequently the number of 
heart beats may be double the pulse frequency. Also the condition of 
the pulse is modified by the impaired function of the valves (Fig. 178). 

These conditions produce circulatory disturbance manifested by 
cyanosis, venous congestion, accelerated respiration and dyspnoea, which 
may be aggravated to asphyxia by the slightest movement or external 
cause, or may be absent when the animal is at rest. In some cases with 
pronounced pulmonary hyperemia there is a bloody nasal discharge, 
often associated with cedema of the lungs. In some cases, especially in 
swine, weakness of the posterior 
extremities is observed (in stenosis 
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as to remain for some time un- 
noticed (especially in pigs). In 
other cases the disease commences 
ele with severe illness and prostra- 
Fic. 180.—TEMPERATURE, PULSE AND RESPIRA- tion; in horses also with colic. 
TION CuRVES IN ErysiPELAS ENDOCARDITIS IN. [yn ulcerative endocarditis metas- 
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Two days before death the number of heart i ; ; 
beats was double the pulse rate. and give rise to inflammatory 
processes, especially in the lungs 
and kidneys, or to acute meningo-encephalitis, suppurative arthritis or 
hemorrhages. 

Course. In cases where endocarditis develops in the terminal 
stage of an infective disease the clinical symptoms are dominated by those 
of the primary disease. In other cases the symptoms continue for several 
days or weeks with periodical exacerbations, and may terminate in death, 
sometimes in I or 2 days or in exceptional cases suddenly (especially in 
erysipelas endocarditis). In young animals prolonged course of the 
disease results in retarded development. Mild cases may recover, but 
valvular insufficiency remains. 

Diagnosis. A definite diagnosis can only be made in cases where 
repeated examination indicates a rapid development of valvular insuffi- 
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ciency or stenosis. Only in this way can acute endocarditis be distin- 
guished from acute febrile diseases (anthrax, septicaemia, etc.), also from 
acute pulmonary diseases, although it must be borne in mind that septi- 
cemia may accidentally occur in an animal with chronic valvular disease. 
Changes in the heart sounds are sometimes observed in the course 
of acute myocarditis and cardiac dilatation, but if the sounds are 
persistent and embolic formation can be detected, endocarditis can be 
assumed. 

The distinction between the two forms of endocarditis depends chiefly 
on the severity. In general the more severe the symptoms and the more 
fulminating the development, the greater is the probability of ulcerative 
endocarditis. For the rest, in swine erysipelas and articular rheumatism 
endocarditis is usually verrucose, while in suppurative organic diseases 
it is usually ulcerative. 

Prognosis. In the acute, and especially in the ulcerative, form there 
is little hope of complete recovery, because even in mild cases permanent 
changes such as valvular insufficiency remain. 

Treatment. The general treatment consists in rest and the applica- 
tion of cold compresses to the cardiac region. In the case of great accelera- 
tion and irregularity of the heart’s action cardiac tonics may be admin- 
istered, and in pronounced heart weakness stimulants (alcohol, ether, black 
coffee, tea, caffein, camphor). In hyperpyrcxia phenazone, acetanilide, 
or aspirin may be given, and in rheumatic endocarditis salicylates. 


11. Valvular Disease of the Heart (Vitia Cordis) 


Under this name are included chronic organic affections of diverse 
origin which cause functional disturbance of the valves and cardiac ostia. 

Incidence. Valvular disease of the heart is most frequently observed 
in dogs in consequence of chronic connective tissue hyperplasia of the 
valves, which is of such a frequent occurrence that some authors regard 
it as a functionary consequence. Cadiot found valvular disease in 5 per 
cent. of dogs over a year old, and Johne chronic endocardial changes in 
4°3 per cent. of autopsied dogs. Next to the dog in frequency is the horse, 
and then cattle, while in sheep, goats, cats and rabbits symptoms of val- 
vular disease are rarely found. In birds, according to Larcher and Hartl, 
valvular changes are not uncommon, but seldom affect the cardiac 
function. 

AEtiology. Valvular defects may be caused by: 

1. Acute endocarditis (q.v.) in cases of less rapid development. 

2. Chronic endocarditis. This is the usual basis of valvular disease and 
probably follows acute endocarditis, running a less severe course, during 
which proliferation of connective tissue has time to develop. This 
occurs especially in endocarditis following articular rheumatism and 
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croupous pneumonia, and also in some cases of tuberculous and erysipelas 
endocarditis. In other cases the process is chronic from the first and 
possibly of toxi-infectious origin, more rarely connected with aortic 
changes. In dogs it is often associated with renal sclerosis. Hartl 
found chronic endocarditis in chickens without any evidence as to its 
origin. Mechanical irritation due to over-exertion may also give rise 
to connective tissue hyperplasia in the valves (Coppel observed this 
condition fairly frequently in working dogs). Changes in the valves due: 
to age, according to Horvath, include blood cysts, white macule, thicken- 
ing or atrophy, granular or villous formation and wrinkling. 

3. Laceration or detachment of the valves occurs occasionally in the form 
of perforation or separation from the point of attachment (semilunar 
valves) or from the chorde tendinee (mitral and tricuspid valve) after 
strenuous exertion or high blood pressure. 

4. Tumours and echinococct may cause valvular affection when they grow 
towards an ostium. In a case reported by Ball in a horse insufficiency 
of the tricuspid valve was caused by a thrombus, and in a case of Chollet’s 
in an ox a subendocardial abscess near the point of attachment of the 
chorde tendinee of the mitral valve. 

5. Diseases of the heart muscle may be followed by defective closure of 
otherwise intact valves (relative or muscular insufficiency) when the 
circular muscle of the ostium is too weak to approximate the free borders 
of the valve. Also, dilatation of the heart may produce the same effect 
by increasing the distance between the bases of the valves. Valvular 
insufficiency of this kind often occurs in chronic myocarditis and in 
advanced cases of heart weakness. Dilatation of the aorta at its origin 
may occasion insufficient closure of the semilunar valves. 

6. Congenital defects of the heart usually arise from impeded development, 
=aore.rarely from defective development orfrom intra-uterine heart disease. 
In horses, cattle and dogs a communication between the two ventricles 
through an opening in the upper part of the muscular septum (persistent 
interventricular foramen) is a common anomaly, and also a persistent 
membranaceous fenestrum in the interventricular septum (found by 
Csokor in 8 per cent. of autopsies on horses and by Brauer in dogs). Other 
- anomalies which may be found are patency of the foramen ovale between 
the two auricles, and of the ductus Botalli. In rare cases only one auriculo- 
ventricular opening is present or there is a common arterial trunk arising 
from the right ventricle. In 375 cases examined Stroh found different 
degrees of patency of the foramen ovale in 50°3 per cent. of calves of the 
age of 3 to 4 weeks, in 23 per cent. of young cattle, and in 16 per cent. 
of cows, and regards this anomaly as a common peculiarity of cattle, and 
possibly of ruminants in general. As a rule it causes no symptoms. 

Anatomical Changes. In chronic endocarditis the proximal 
surface of the valves is covered with wart-like polypoid or cauliflower- 
like protuberances, the chorde tendinee are thick and shortened, the 
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thickened valves are rigid and the semilunar valves transformed into thick 
pads, the separate cusps of the mitral and tricuspid valves to thick, 
uneven formations. Occasionally neighbouring cusps may be adherent. 
The surface of the parietal layer of endocardium is cloudy, seldom 
thickened and exceptionally calcified. 

These changes give rise to insufficient closure of the valves and stenosis 
of the ostia, and often both conditions combined, with consequent hyper- 
trophy and dilatation of the parts of the heart concerned in maintaining 
the circulation. 


As regards the localisation of the valvular changes it may be said that in the horse, according 
to the post-mortem findings of Ackerknecht, the mitral and tricuspid valves are affected 
with equal frequency, the aortic semilunar valves seldom alone, but frequently in conjunction 
with the mitral and tricuspid. According to clinical experience, however, insufficiency of the 
aortic valves and insufficiency of the mitral valves are the most common, the latter alone or 
combined with stenosis of the left venous ostium or with aortic insufficiency. Similar conditions 
are found in cattle, except that the right side of the heart is more often affected (in recent 
endocarditis, chiefly the tricuspid valve). In the few cases observed in goats the tricuspid and 
pulmonary valves were affected. In swine, both in acute and chronic endocarditis the mitral 
valve is most often affected and not infrequently the aortic valves. In dogs the most common 
lesion is mitral insufficiency, somewhat less often combined with mitral and tricuspid insuffi- 
ciency, and in about half the cases tricuspid insufficiency alone. In 89 cases in dogs Ackernknecht 
found the mitral valve alone affected in 23; the mitral and tricuspid together in 47; the tricuspid 
alone in 10; the mitral, tricuspid and aortic in 1 ; the mitral, tricuspid and pulmonary in 1; the 
tricuspid and pulmonary in 3; the mitral and aortic in 3; and the aortic alone in 3 cases. In 
cats, valvular lesions are very rare. In birds, according to Larcher and Hartl, the valves on 
the right side of the heart are affected. 


Symptoms. These depend principally on the situation of the 
pathological changes. 


(a) Insufficiency of the Aortic Semilunar Valves 

In aortic insufficiency a slit-like opening between the expanded valves 
persists during the ventricular diastole. ‘Through this opening a portion 
of the blood expelled into the aorta during the preceding systole regurgi- 
tates into the left ventricle, and so produces a murmur. ‘The left ventricle, 
receiving blood from two directions—that 1s, from the aorta and from the 
left auricle—develops accommodative dilatation in diastole. At the next 
systole, however, a stronger accommodative contraction of the ventricle 
propels the increased contents into the aorta. ‘This increase in functional 
activity gradually produces hypertrophy of the left ventricle. 

The symptoms observed consist, therefore, in a heaving cardiac 
impulse, a diastolic murmur in the left cardiac region and an increase 
in cardiac dulness, which in thé dog may extend upwards for 3 to 5 cm., 
and in other animals backwards as far as the seventh rib and upwards 
over the middle of the lower third of the thorax. ‘The clear first sound 
is followed by a loud blowing, roaring and sometimes sonorous diastolic 
murmur which follows the systole after a short pause, and is heard most 
clearly in the horse and dog in the fourth left intercostal space directly 
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below the shoulder line (Fig. 181, 2); in ruminants and swine it is prob- 
ably best heard in the third interspace. On the right side at the corre- 
sponding position it is somewhat weaker. The clear diastolic sound of the 
pulmonary artery is almost confined to the third interspace in the lower 
half of the lower third of the thorax (Fig. 181, 3). In electrocardiogram 
Nérr found a characteristic high steep initial oscillation followed by a 
lower auricular and final oscillation. 

The pulse is characteristically strong, large and bounding, corre- 
sponding to the rapid increase and diminution of the excessive wave of 
blood in the arteries (Fig. 183, a). The hypertrophy of the left ventricle 


Fic. 181.—Point oF Hicuest INTENSITY OF THE ENDOCARDIAL MURMUR IN THE Horse. 


a, b, Shoulder line; 1, maximum point of murmur originating in left auriculo-ventricular 
aperture; 2, in aortic aperture; 3, in the aperture of the pulmonary artery. In ruminants 
and swine the maximum intensity of murmurs in the left side of the heart is probably the 
width of an intercostal space further forwards. 


propels an increased amount of blood i into the aorta and peripheral arteries, 
in which the regurgitation of blood from the aorta during the preceding 
diastole produces a marked diastolic fall of blood pressure. ‘This makes 
possible a rapid rise of the already high blood pressure wave which at 
the end of the diastole falls equally rapidly, as the blood flows in two direc- 
tions, partly to the periphery and partly’ back to the left ventricle. A 
bounding pulse is also felt in the small arteries and can be seen by means 
of the ophthalmoscope in the ocular fundus. Another characteristic 
sign is the visible pulsation of the arteries, and pulsation can sometimes 
be felt in the liver. Even in the capillaries pulsation can sometimes be 
demonstrated by pressure with the finger on the gums or other parts 
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of the mucous membrane with a hard base, when round about the finger 
an anemic ring is produced which is diminished at each cardiac systole. 
As the result of increased pulsation the valvular sounds can be heard 
sometimes over the smaller arteries. 


(b) Stenosis of the Aortic Orifice (Stenosis Ostii Aortici) 


In this condition the normal amount of blood has to be propelled 
through a narrowed opening. ‘This produces a systolic murmur, and the 
increased functional activity of the heart leads to hypertrophy of the left 
ventricle. 

The increase of the cardiac impulse does not occur regularly owing 


Fic. 182.—Point or Hicuesr INTEeNsiry OF MURMURS ORIGINATING IN THE RIGHT 
AURICULO-VENTRICULAR APERTURE IN A Horse (1). 


Other murmurs as in Fig. 181. 


to the occasional absence of the so-called closure time of the heart func- 
tion, but a systolic thrill can be felt. The heart dulness is not increased 
to any marked degree. A loud systolic murmur is always present and 
can be sometimes heard at a distance from the animal. Its maximum 
intensity is in the same place as that of aortic insufficiency (Fig. 181, 2). 
Because of the slow rise of the systolic aortic pressure due to the stenosis 
the pulse is sluggish and small. The transmitted systolic murmur can 
be heard in the arteries of the head and limbs. 
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(c) Insufficiency of the Mitral Valve (Insufficientia Valvuleze 
Bicuspidalis s. Mitralis) 


In this condition at each systole part of the blood in the left ventricle 
regurgitates into the auricle at the same time that blood enters it from 
the pulmonary vein. As the result of this the pressure in the auricle is 
increased, the auricle dilates, and in time its muscular tissue becomes 
hypertrophied. The auricular wall, being thin, has not sufficient power 
to expel the blood at each auricular systole into the left ventricle; 
back pressure occurs in the pulmonary circulation, and this is trans- 


a 


Fic. 183.—SPHYGMOGRAM OF THE ABDOMINAL AORTA IN A Horse. 


a, Bounding pulse in aortic insufficiency; b, pulse of a healthy animal. (Time measured 
in 0°2 second.) 


mitted through the markedly dilatable capillaries to the pulmonary 
artery, and thence to the right ventricle, which consequently becomes 
hypertrophied. ‘This condition of back pressure in the pulmonary cir- 
culation maintains a passive hyperemia of the lungs and gradually gives 
rise to the so-called brown induration. 

The cardiac impulse is increased on the right side. On the left side 
in the horse, instead of the usual systolic increase there is a depression 
commencing with the ventricular systole, and a systolic thrill can often 
be felt. The heart dulness is often normal or only slightly increased. 
In all cases an extensive and usually blowing or roaring systolic murmur is 
heard with its point of maximum intensity in the fifth or fourth inter- 
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costal space in the middle of the lower third of the thorax (Fig. 181, 1); 
it is usually heard also in the carotid arteries and abdominal aorta. 
Further forwards :the systolic sound of the right ventricle is audible, and 
im. the “right: “tra or’ fourth: interspace (Fie. 182, 1), either: pure 
or together with the transmitted murmur. ‘The diastolic sound is accentu- 
ated and short because of the increase of the second pulmonary sound 
(heard in the third interspace in the lower half of the lower third of the 
thorax [Fig. 181, 3]). The pulse presents no important deviations from 
normal. Norr found in electrocardiographic examination a high and 


wide auricular oscillation. 


The increased blood pressure in the pulmonary circulation causes 
congestion of the lungs, with accelerated respiration, bronchial catarrh, 
and a tendency to pulmonary oedema. 


(d) Stenosis of the Left Auricuio-Ventricular Orifice 
(Stenosis Ostii Venosi s. Atrio-Ventricularis Sinistri) 


(Mitral stenosis) 


Obstruction to the entrance of blood from the auricle into the ventricle 
causes dilatation and hypertrophy of the left auricle. This, however, 
does not prevent the occurrence of stasis of its blood content, which 1s 
transmitted by the pulmonary veins to the right ventricle, with consequent 
hypertrophy of the latter, while the left ventricle may be reduced in 
SIZE: 

The cardiac impulse and cardiac dulness are the same as in valvular 
insufficiency, but a diastolic murmur is heard with its maximum intensity 
in the fifth and fourth intercostal spaces in the centre of the lower third 
of the thorax (Fig. 181, 1); sometimes only at the beginning or towards 
the end of the diastole. ‘The pulmonary sound is accentuated, the pulse 
small and soft owing to the reduced quantity of blood propelled from 
the left ventricle. The lungs are affected in the same way as in mitral 
insufficiency. | 


(e) Insufficiency of the Pulmonary Valves (Insufficientia 
Valvularum Semilunarium Arteriz Pulmonalis) 


In this condition the right ventricle during each ventricular diastole 
receives blood from two sources, which results in accommodative dilatation 
followed by hypertrophy. With the gradual decrease of propulsive power 
the right ventricle sometimes becomes so much dilated as to cause tricuspid 
insufficiency. The lungs and left side of the heart remain unaffected 
as long as the right ventricle by its increased functional activity is able to 
maintain the pulmonary circulation. 
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The cardiac impulse and cardiac dulness are the same as in mitral in- 
sufficiency, but a prolonged diastolic murmur is heard over the origin 


of the pulmonary artery (Fig. 181, 3). The pulse: shows no special 
features, but the respiration is always laboured. 


(f) Stenosis of the Orifice of the Pulmonary Artery 
(Stenosis Ostii Arterize Pulmonalis) 


In this condition the blood 1s propelled through the constricted opening 
of the pulmonary artery and the increased work thrown on the right 
ventricle causes hypertrophy, while the blood pressure in the lungs remains 
low and the quantity of blood in the pulmonary arteries is diminished 
when the functional capacity of the right ventricle has become reduced. 


Fic. 184.—Carpi0o- AND PHLEBOGRAM IN A Horse witH MITRAL AND TRICUSPID 
INSUFFICIENCY. 


A, Cardiogram in which the normal rise at the beginning of the ventricular systole is replaced 
by a descending line (a-c), interrupted by a small peak (b), corresponding to the left 
ventricular systole. At the beginning of ventricular diastole (c-d) the pressure in the 
ventricles suddenly increases. a, Negative; 8, positive venous pulse; y, carotid pulse; 4, «, 
rapid emptying of the jugular vein at the beginning of ventricular diastole. 


The cardiac impulse and cardiac dulness are similar to the conditions 
found in the preceding form. Over the origin of the pulmonary artery 
(Fig. 181, 3) is heard a loud prolonged systolic murmur, and more 
posteriorly together with it the first sound of the left ventricle, while 
the second sound is weak over the pulmonary artery. The pulse is weak, 
respiration is laboured and accompanied by cyanosis. 


(§) Insufficiency of the Tricuspid Valve (Insufficientia 
Valvule Tricuspidalis) 


Regurgitation of the blood from the right ventricle into the auricle 
gives rise to dilatation and later to a moderate degree of hypertrophy of 
the right auricle, which does not, however, greatly increase its functional 
capacity. Consequently, from the very beginning the blood stasis extends 
to the valveless vene cave and other veins. At every systole of the right 
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ventricle the regurgitating blood causes a sudden increase of pressure in 
the dilated auricle which is transmitted through the valveless vene cave 
to the veins, and so produces a positive venous pulse. 

In the right third to fourth intercostal space there is often felt a systolic 
thrill, and also there can be heard a systolic murmur. ‘The diastolic 
sound is either unchanged or weakened, while the pulse is always weak. 
The jugular veins are distended and show systolic pulsation directly 
following the heart beat (in thick-necked animals this is evident only 
on palpation). Cidema soon results. 


(h) Stenosis of the Right Auriculo-Ventricular Orifice 
(Stenosis Ostii Venosi s. Atrio-Ventricularis Dextri) 


Stenosis of the right auriculo-ventricular orifice hinders the flow of 
blood from the right auricle to the ventricle, and thereby gives rise to slight 
hypertrophy with definite dilatation of the auricle and causes back pressure 
from the first and a reduced supply of blood to the other sections of the 
heart. ‘The lowered pressure in the right ventricle and pulmonary artery 
promotes the formation of thrombi. 

The symptoms consist in weakness of the cardiac impulse, a pre- 
systolic or diastolic murmur with its point of maximum intensity in the 
right third to fourth interspace in the centre of the lower third of the thorax 
(Fig. 181), weakness of the pulse, marked venous congestion, with pre- 
systolic (negative) venous pulsation and undulation. Marked blood stasis 
with laboured respiration develops at an early stage. 


(i) Congenital Abnormalities of the Heart 


Clinical symptoms of congenital cardiac defects have only seldom 
been described. ‘They are usually characterised by pronounced bodily 
weakness, owing to which new-born animals are incapable of sucking 
or may be hardly able to move or stand. Sometimes there is dyspnoea 
and cyanosis, especially during movement. In other respects congenital 
valvular affections produce the same local signs as in the acquired 
forms, except that in cases due to developmental defects cardiac mur- 
murs are usually absent or are only produced when there is a difference 
in pressure between two communicating parts of the heart or vessels, pro- 
vided the aperture of communication is not too large. In two cows 
with a persistent interventricular opening Huynen observed a systolic 
murmur in the left side of the heart, with accentuation of the diastolic 
sound. Animals with congenital defects usually die in a short time or 
are destroyed. Only rarely do they attain adult age, except in the case 
of patent foramen ovale, which appears to be regularly present in 
ruminants. 


672 DISEASES OF DOMESTIC ANIMALS 


(j) Combined Valvular Defects 


The most common combination is that of valvular insufficiency with 
stenosis. As valvular insufficiency is to a certain extent the opposite of 
stenosis the symptoms counteract each other, with the exception of 
accentuation of the second pulmonary sound in combined affection of 
the left auriculo-ventricular opening. In this way the local symptoms 
lose their distinctness and confuse the clinical picture. For example, 
in combined aortic insufficiency and stenosis both systolic and diastolic 
murmurs are present, while the pulse is hardly at all bounding, because 
the pressure variations in the arteries occur less abruptly. 

Still more confusing is the clinical picture when two or more ostia 
and valves are affected, although often only parts of one side of the heart 
are affected—for example, the aortic valves with the mitral—but not 
infrequently both sides are involved, as in affection of the venous or arterial 
openings, together with tricuspid insufficiency. As combined stenosis 
and insufficiency may occur in four places and these eight individual 
conditions may occur in the most varied combinations (a possible total 
of 247 combinations), the great multiplicity of the symptoms which may 
_ be produced renders the clinical picture impossible to describe. 


In every form of valvular defect the normal course of the circulation 
is disturbed because of the continually increased centripetal pressure, 
and in affection of the left auriculo-ventricular opening in the pulmonary 
vessels also. In these circumstances, however, an approximately normal 
rate of circulation and blood pressure is maintained for a varying time 
by the increased functional activity of the heart. This results eventually 
in hypertrophy of the walls of the part of the heart concerned, by which 
it is enabled to perform the increased work without drawing on its reserve 
power. As long as the normal rate of circulation is maintained, and 
thereby the functions of the different organs remain unaffected, com- 
pensation of the valvular defect is said to exist. However, the functional 
capacity of the organs is usually unimpaired only when the animal is at 
rest, while discompensation may occur during muscular exertion or over- 
strain. Only occasionally, and especially in aortic insufficiency, the heart 
is equal to the excessive demands. On the other hand, in some other 
valvular defects certain organs are impaired in function even when at rest 
and in spite of existing compensation; for instance, in affection of the left 
auriculo-ventricular orifice, shallow and rapid respiration, and in aortic 
stenosis, cerebral anemia may be present. 

The duration of compensation is usually longest in aortic lesions, 
as the latter are situated in front of the strongest part of the heart, and 
also the eventual weakening of the left ventricle provisionally only affects 
the lesser circulation, which can be compensated for a time by the right 
ventricle. On the other hand, when the right ventricle has to undertake 
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compensation and when it becomes weakened, the stasis is directly trans- 
mitted to the auricle and so to the whole of the venous system. ‘The most 
unfavourable conditions occur in lesions of the right venous ostium, as the 
thin-walled right auricle is incapable of exerting sufficient compensation. 
Again, in suddenly occurring valvular insufficiency, as, for instance, in 
rupture of the chorde tendinee, owing to the urgent demands for it, 
compensation is only of short duration. In rupture of the aortic valves 
even sudden death may result, as also in occlusion of an ostium by a 
pedunculated tumour. 

The cause of the permanent decompensation which is eventually 
established has not yet been determined in all cases. Some cases, no doubt, 
arise from paresis of the heart muscle caused by the continually increasing 
circulatory impediment. Other cases, especially in horses, may be due 
to pulmonary emphysema caused by frequently repeated muscular over- 
exertion. In some cases the heart muscle is weakened by degenerative 
or inflammatory changes which may develop with or without endocarditis, 
producing valvular changes. Infective diseases and intoxications may 
also give rise to degenerative processes in the heart muscle. There still 
remain other cases which can only be explained on the assumption of a 
functional disturbance of the heart muscle in which no histological 
changes can be detected. 

Decompensation is manifested by symptoms of chronic heart weakness 
(g.v.), which may be followed by embolic occlusion of arteries in various 
organs (lungs, brain, kidneys), resulting from detatched particles of a 
thrombus in the heart. | 

Course. The influence of valvular defects on the circulation depends 
first on the situation and degree of the lesions, secondly on the kind of 
work performed by the animal. Animals (especially dogs) which are not 
used for work may live for years with valvular disease, while working 
animals, especially horses, soon become unfit for work, and sometimes 
die suddenly from pulmonary oedema, cardiac paralysis or rupture of 
the heart. In dogs the sequele of cardiac defects develop more gradually 
till they reach the stage of advanced cedema, while cattle and swine are 
usually slaughtered at an earlier stage. In very young or very old animals 
with insufficient compensation the affection takes a more rapid course, 
and in congenital cardiac anomalies death usually occurs in a few weeks 
or months. , 

Diagnosis. This must depend on a careful examination of the 
circulatory organs in conjunction with the symptoms of the different 
forms of cardiac defect. One must first exclude functional or inorganic 
heart sounds which occur in the absence of valvular lesions and are heard 
during systole, but seldom during diastole. Niemetz found these in 
66-2 per cent. of 418 horses examined (in the first year of life in about 
77 per cent.) in the form of a blowing systolic murmur heard over the 
pulmonary valve (at the same locus systolic vesicular murmur with the 
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same character also may be heard). ‘These murmurs can be excluded 
when the cardiac dulness is increased, the second sound is accentuated, 
and the murmur is also felt as a thrill. 

The absence of murmurs does not exclude the presence of valvular 
lesions, for in slight degrees of insufficiency or stenosis the murmurs are 
not conducted to the surface of the thorax, and also in very advanced 
insufficiency the back pressure of the blood no longer takes place through 
a narrow opening capable of producing a murmur, but through a wide 
opening. In severe heart weakness the circulation may be too weak to 
produce a murmur. In all such cases murmurs can often be rendered 
audible by cardiac tonics or muscular exertion. It must also be remem- 
bered that in aortic aneurysm murmurs are heard which coincide with 
endocardial murmurs. | 

The recognition of simple valvular defects in the compensatory stage 
is easy. In combined valvular lesions a diagnosis can also often be made 
by taking into consideration the character of the pulse, the condition of 
the large vessels, the extent of cardiac dulness, the quality of the heart 
sounds, and the points of maximum intensity of murmurs, bearing in 
mind the fact that in extensive dilatation of the heart the maximum points 
are displaced; also the relative frequency of the different forms of valvular 
defect must be considered. 

As regards the basis of cardiac defects, chronic endocarditis can only 
be definitely ascertained when the condition follows acute endocarditis 
in connection with infective disease or chronic arteritis. In the majority 
of cases, however, chronic endocarditis is the basis of cardiac lesions. 
On the other hand, the complete disappearance of endocardial 
murmurs and symptoms of insufficiency after treatment with cardiac 
tonics and bodily rest indicates muscular insufficiency as the basal 
condition. 

Prognosis. As regards complete recovery the prospect is unfavour- 
able, as the effect of a compensated valvular lesion on the duration of life 
and working capacity of the animal varies according to the nature of the 
lesion. On the whole, stenosis is a more severe affection than insufficiency; 
on the other hand, affections of both sides of the heart are far more 
dangerous than affections of the aortic valves, as in the latter case the 
strong wall of the left ventricle retains its function for a long time. Affec- 
tions of the left auriculo-ventricular opening are of more-unfavourable 
prognosis, while valvular defects of the right side of the heart are always 
dangerous, especially those of the pulmonary aperture, owing to the con- 
tinued deficiency of blood in the lungs; also lesions of the right auriculo- 
ventricular opening, owing to the incapability of the thin-walled right 
auricle to maintain compensation. In animals protected against excite- 
ment and over-exertion a longer duration of compensation is to be ex- 
pected. Symptoms of decompensation are always unfavourable, especially 
when they have no connection with external causes. 
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Treatment. In order to prolong compensation as far as possible 
a well-regulated and nutritious diet is necessary, with special attention 
to its digestibility. Food should be given in small quantities and at. 
frequent intervals, especially in carnivora. The animals should have 
as much fresh air as possible, and their work should be carefully regulated. 
Constipation and digestive disorders must be treated with mild laxa- 
tives (Epsom salts, castor oil, calomel, aloes, rhubarb, etc.). In this way 
animals with cardiac defects can be enabled to perform useful service for 
years, especially in agriculture. In the stage of decompensation (when 
veterinary aid is usually first called for) complete rest and treatment for 
heart weakness (q.v.) 1s necessary. | 


SECTION III 
DISEASES OF THE BLOODVESSELS 


1. Degenerative Hyperplastic Arterial Induration 
(Arteriopathia Chronica) 


(Arterio-sclerosis ; Athero-sclerosis ; Atheromatosis ; Endarteritis 
chronica deformans) 


In human pathology this condition is described under the term 
arterio-sclerosis or athero-sclerosis, a process of combined degeneration. 
and compensatory hyperplasia commencing in the intima and extending 
to the media, and characterised by its multiplicity and tendency to general- 
isation. Although their etiological and pathogenic conditions are not 
yet fully elucidated, the morphologically and_ histologically distinct 
chronic arteriopathies of animals, consisting in thickening of the intima 
and calcification of the media, are discussed in connection with arterio- 
sclerosis. 

Etiology. <A certain proportion of cases appear to be due to the 
effect of frequently repeated bodily over-exertion, either directly from the 
long-continued effect of raised blood pressure, or indirectly through the 
action of the products of tissue fatigue. According to experiments 
carried out in animals, the same result may be produced in unnatural 
feeding by the formation of injurious waste products of metabolism. 
Probably these conditions are most frequently of toxi-infective origin from 
infective diseases, and caused either through the action of toxins or the 
products of altered metabolism. ‘This view is supported by the frequent 
occurrence of an affection of the pulmonary artery and aorta in the course 
of dog typhus, and also by the frequency of lesions of the elastic and muscu- 
lar tissues of the vascular walls in cases of infective disease in man. 
Some authors attach importance to a disturbance of the acid base equi- 
librium and calcium metabolism, which themselves are influenced by the 
chemical composition of the food. 


More light has been thrown on the etiology and pathogenesis of these arteriopathies by 
experimental work. By this means two types have been differentiated according to the method 
of experiment. ‘The ‘“ adrenaline type ” consists in a process of arterial necrosis with resulting 
calcification which in rabbits is limited to the media of the aorta and other arteries, changes 
which correspond macro- and microscopically to the calcification of the media occurring 
in man and animals. ‘This condition can be caused experimentally by repeated injections 
of small doses of adrenaline, but similar changes can also be produced by injections of 
barium chloride, physostigmin, potassium iodide, tobacco infusion, ergot, lactic acid, sodium 
urate, etc. In the ‘‘cholesterin type’ the aortic changes resemble those of athero-sclerosis 
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and were produced chiefly by Russian investigators, partly by changes in the diet (meat, milk, 
yolk of egg, bread and liver) and partly by injections of staphylococci while the animal was on 
a milk diet. Later it was demonstrated that under these conditions the increased cholesterin 
content in blood is of basic importance and also that arterio-sclerotic changes can be produced 
by the administration of pure cholesterin. It has also been shown that an increase in blood 
pressure without cholesterin feeding only gives rise to hyperplasia of the elastic tissue in the 
superficial layers of the aortic wall, but that, on the other hand, increased blood pressure acceler- 
ates and aggravates the action of cholesterin. From the results of these experiments and others 
carried out with infective material it appears that toxi-infective influences are of great importance 
in the pathogenesis of arterio-sclerosis, and that every condition in which there is a permanent 
rise of blood pressure, including that caused by cholesterin, promotes its development. 


Pathogenesis and Anatomical Changes. According to the 
experimental evidence described above, true arterio-sclerosis in man is 
caused by metabolic disturbances and mechanical irritation, although 


these influences vary in their relative degrees. Moreover, it is probable 


that the chemical conditions of metabolism are responsible for the 
foundation of the changes and the mechanical influences for their localisa- 
tion. The process commences with fatty infiltration of the intima produced 
by the penetration of lipoids, which can be seen in the form of minute, 
yellowish, slightly raised spots or streaks which produce an uneven or 
eroded appearance of the surface (fatty erosion of Virchow). At the 
same time a hyperplastic thickening and splitting of the elastic lamelle 
of the intima takes place, producing typical atheromatous foci. ‘These 
foci become covered with a connective-tissue-like layer opposite the 
lumen; they are hard, dry or friable, and consist of fatty detritus with 
granules containing cholesterin, and at their borders necrotic or fatty. 
tissue. At a later stage the process extends to the media. ‘The fatty 
degeneration and sclerotic hyperplasia have both a tendency to extend, 
and so give rise to the manifold pathological changes seen in the vascular 
system, which may appear in the form of localised foci, or involve a large 
extent of arteries, or affect individual arterial areas. Also, in some cases 
the fatty changes and in others the sclerotic predominate. The rapid 
degeneration and softening of the proliferated tissue of the intima give 
rise to the condition known as atheroma, and the erosion of these to 
atheromatous ulcers, while an excess of connective tissue proliferation 
results in true sclerosis; again, excessive degeneration extending deeply 
into the media, together with deficient connective tissue formation, causes 
dilatation of the wall of the vessel, while excessive connective tissue pro- 
liferation in the smaller vessels, on the other hand, causes narrowing of 
the lumen or endarteritis obliterans. 

Among animals true arterio-sclerosis has been described in parrots 
by Wolkoff and T. Pallaske, and by Nieberle in an ostrich. In_ these 
cases the pathogenic process resembled closely that of human arterio- 
sclerosis, and in Wolkoff’s case was attributed to a diet rich in cholesterin 
(3 years’ daily feeding with yolk of egg). On the other hand, according 
to general opinion, the conditions described as such in other animals differ 
from true arterio-sclerosis both pathogenically and morphologically. 
In cases of arterio-sclerosis reported in mammals, according to Krause, 
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there is no mention of the characteristic yellow plates along the whole 
aorta and the presence of cholesterin in these lesions, nor of atheromatous 
ulceration or extension of the process to the coronary arteries, nor of 
severe clinical symptoms with a high percentage of deaths. Fischer- 
Wasels and Jaffe think it 1s probable that in some of such cases the 
vascular changes resemble those found in man, but differ owing to the 
anatomical and functional structure of the aorta in man and animals. 
They also point out the difference in lipoid metabolism in herbivorous 
animals, as L6wenthal was able to produce typical arterio-sclerotic 
changes in omnivora and mice by cholesterin feeding especially in cas- 
trated or pregnant animals, in which the blood cholesterin content can 
be markedly raised and the cholesterin is not so rapidly excreted as under 
normal conditions in omnivora and carnivora. 3 
According to Krause, the changes erroneously regarded as arterio- 
sclerosis in mammals consist partly of a primary. thickening and fatty 
degeneration of the intima, and are to be regarded as a senile condition, 
especially in cattle and buffaloes, closely resembling in their histological 
structure the changes found in man, in which fatty infiltration, the visible 
presence of cholesterin, and the production of the fats remain in the back- 
ground. Consequently in animals, because of differences in their metab- 
olism, there usually develops only a simple connective tissue thickening 
without the formation of the typical atheromatous plates and their sequele. 
The other vascular lesion, often described as sclerosis, consists in 
calcification of the medial coat of the aorta, as in the adrenaline type of 
artificial production of aortic changes in rabbits, and takes place by calcifica- 
tion of the necrosed media with compensatory thickening of the intima. 
In cattle especially this condition presents symptoms which have a close 
resemblance to the media necrosis found in man (but differing from those 
of arterio-sclerosis). ‘These lesions show certain variations in the different 
species of animals (omnivora, carnivora, herbivora), in different forms of 
diet, and also according to the duration and mode of life of the animals. 
In cattle the affection is aggravated and accelerated by tuberculosis. 
In cattle also calcification of the media is found commonly in animals 
from’3 to 4 years of age, commencing in the posterior part of the aorta and 
extending to the origin of the fourth intercostal artery. Calcification has 
also been observed in the ‘‘ Entéqué”’ disease of the Argentine, and also 
in sheep. In the horse calcification is found in animals at least 14’to 16 
years old, and commences in the thoracic aorta, from which it extends 
ecnunmeally: Calcification is less frequent in dons and is seen only 
occasionally in sheep, goats, and rabbits. In cattle and horses micro- 
scopic examination shows a finely granular calcareous deposit, and in 
other animals a deposit in the intima. Calcification also occurs in cattle, 
goats and rabbits in the form of calcareous plates, in the horse and some- 
times in cattle as nodular deposits, and in the horse and dog (occasionally 
also in the pulmonary artery) in a form resembling a mushroom or coral; 
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lastly, as calcareous nodes and ribs (in the dog, sometimes in the goat and 
rabbit). In birds calcification of the aorta is often found. 

The effect of arterial induration on the circulation varies according 
to the nature and extent of the pathological changes. In man arterio- 
sclerosis affecting a large extent of the aorta and its larger branches or 
also involving the smaller arteries leads to increased cardiac function, 
and consequently a rise of blood pressure owing to the increased resistance 
caused by loss of elasticity of the thickened vessels. In domestic animals 
these symptoms are hardly ever mentioned, probably because they are less 
generalised and are usually limited to the aorta and pulmonary artery. 
Consequently changes in the pulse and disturbance of the function of the 
different organs as the result of defective arterial supply are rarely mani- 
fested. The difference in the nature and development of the vascular 
changes in animals, in spite of their frequency, accounts for the com- 
parative rarity of aneurysmal dilatations. 

Symptoms. In veterinary literature there is little mention of 
symptoms, apart from those of complications and sequele (aneurysm, 
rupture, thrombosis and embolism). Although this may indicate the 
comparatively slight clinical importance of chronic arteriopathies in 
domestic animals, it is probable that in cases with widespread vascular 
changes, especially with involvement of the smaller arteries, in older 
animals definite morbid symptoms are present, especially rigidity of the 
vascular wall in the course of the abdominal aorta (palpable by rectal 
examination) or occasionally of the peripheral arteries, and in the latter 
case a sluggish pulse and an accentuated aortic sound. Otherwise 
extensive arteriopathy can only be suspected with more or less probability 
when, with general debility and respiratory disturbance, there are signs 
of hypertrophy of the left ventricle or of thrombo-embolic occlusion of 
a vessel. 

Marcenac and Gadiou described as angina pectoris a case in a mule 
which after strenuous work exhibited symptoms of marked distress 
and prostration and died in a few hours. Post-mortem examination 
revealed a tortuous course of the coronary bloodvessels which were i1m- 
bedded in a gelatinous mass, together with multiple myocardial indura- 
tions. | 

In sheep the enzootic arterio-sclerosis gives rise to laboured respiration, 
attacks of asphyxia and sudden death, especially after exertion. 

Treatment. This consists mainly in general dietetic and hygienic 
measures. 


Arteritis. Parasitic endarteritis caused by the larve of Strongylus vulgaris 
in horses and usually affecting the anterior mesenteric artery has already been 
described (q.v.). This affection may also occur in the aorta and in arteries of 
the limbs and in the coronary arteries. In dogs endarteritis of the aorta is 
occasionally caused by the Spirocerca sanguinolenna. In Indo-China, the 
Malay Archipelago and the Philippine Islands, El@ophora peli (Filaria) cause 
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nodular formations in the aortic wall in cattle and buffaloes, without giving 
rise to symptoms, and in China (Shanghai) a thread worm of the sub-- 
family Onchocercine is found in 85 per cent. of slaughtered cattle, forming 
large nodules in the aorta. The Filaria helemansi found in Balinese pigs, 
in spite of its causing thrombosis in the pulmonary arteries, appears to 
be harmless. | 

Tuberculous aortitis was found in 4 cases out of 100 cattle affected with 
general tuberculosis in the form of a acie seed lesions of the intima, or 
ulceration and calcification. Raebiger found similar lesions in the aorta of 
a horse, and Petit observed tuberculous periaortitis with rupture into the 
aortic lumen in a dog. With these cases may be associated the circumscribed 
necrotic endarteritis occurring in dogs in the course of dog typhus and affecting 
the pulmonary artery and aorta, especially in the region of .the semilunar 
valves; and also found in the endocardium of the left auricle in the form of 
lenticular, pale yellow or reddish prominences with a tendency to early 
calcification. 

The cause of pertarterttis nodosa is still unexplained. According to Nieberle 
it is not a specific lesion, but only a symptom of a general condition produced 
by chronic sepsis with changes in the vascular endothelium which lead to hyper- 
sensitivity and hyperergic inflammation on the occasion of a fresh infection. 
In addition to the cases described by Ltipke in axis-deer, 13 further cases have 
been reported by various observers (4 in pigs, 7 in cattle, 1 in a dog and 1 
in an antelope). Periarteritis nodosa 1s manifested by nodular or elongated 
thickenings in the vessels of all the viscera and muscles, especially affecting 
the middle-sized and smaller arteries and the vasa vasorum of the larger arteries. 
The nodules are formed by connective tissue proliferation and surround the 
vessels. In the axis-deer Liipke observed symptoms of digestive disturbance 
in the form of chronic intestinal catarrh with progressive emaciation. Similar 
symptoms have been observed in other animals. 


2. Local Arterial Dilatation (Aneurysm) 


Etiology. Aneurysm scarcely ever develops under the influence of 
blood pressure alone unless the resistance of the vessel wall has been re- 
duced by previous arteriopathy or arteritis. In this way is explained the 
comparative frequency of aneurysms in horses. According to Tombari 
and Palat, they are frequently found in horses which are exposed to 
strenuous exertion. Very rarely aneurysms develop in previously healthy 
animals under the influence of external influences (drawing a heavy load, 
jumping, falling, or direct violence), in which it is probable that a sudden 
rise of blood pressure causes partial laceration of the vascular wall and 
consequent reduction of its power of resistance. 

Anatomical Changes. A portion of the aorta may be uniformly 
dilated (cylindrical aneurysm), or the healthy portion may extend gradually 
to the dilated portion (fusiform aneurysm), or the dilatation may be 
lateral (saccular aneurysm), and may involve the whole circumference of 
the vessel (sacculo-peripheral or axial aneurysm) or only a part of it 
(sacculo-semiperipheral aneurysm). A saccular aneurysm in the horse 
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may reach the size of a man’s head (Labat and Cadeéac), and in the dog 
the size of a turkey’s egg (Barrier). ‘The wall of the aneurysm is thickened 
on the whole, but may be attenuated in places, and its inner surface is 
sometimes covered with masses of fibrin. A large aneurysm causes dis- 
placement or pressure on the neighbouring organs (trachea, bronchi, 
vertebra, vagus or recurrent nerves). Rupture of an aortic aneurysm 
causes symptoms of internal hemorrhage; sometimes hemorrhage into 
the bronchi, lungs, stomach, intestine or mesentery. 


Aneurysms of other arteries are less common, apart from those caused by worms in the anterior 
mesenteric arteries in horses. Aneurysmal dilatations are occasionally found in the cceliac, 
posterior mesenteric, hepatic and other branches of the aorta. Cadiot found dilatation of the 
coronary arteries in an ass and Piot Bey observed this in three cattle, in all of which sudden death 
occurred. Steinmeier observed a case of rupture of the dilated carotid artery. Reimers found 
in a cow a tense pulsating swelling of the sciatic artery. Dilatation of the brachiocephalic 
artery was found by Joest in a dog, of the crural artery by Querippel, of the art. communis 
digitorum by Straube and in a branch of this by Vogt, of the pharyngeal artery by Blaise in 
a 15-year-old horse with cedema and ulceration of the head and neck, swelling of the tongue 
and gums, salivation, pharyngitis and eventual rupture into the pharynx. In a case reported 
by Snikowa in a horse asphyxia was caused by pressure on the trachea after rupture of an aneurys- 
mal dilatation of the internal maxillary artery into the guttural pouch, with hemorrhage between 
the soft parts of the neck after rupture of the wall of the pouch. Vogel observed dilatation of 
the facial artery in a cow, Mouquet dilatation of the cervical artery in a horse, and Ravenal 
dilatation of the brachial artery ina hen. Nocard found in a young dog an aortic aneurysm 
together with dilatation of the pulmonary artery, Mouquet dilatation of the pulmonary 
artery in a horse, Chardin a dilatation of the portal vein weighing 14 kg. in a horse, Venner- 
holm dilatation of the jugular vein. Dupas observed varicose dilatation of the mesenteric 
veins and Fréhner and Bambacher dilatation of the external thoracic vein (in Bambacher’s 
case the vein was successfully extirpated). Piot Bey reported an arterio-venous aneurysm in the 
tail of an ox. In a case observed by Hieronymi in a horse with an angioma of the circumflex 
scapule artery an incompressible, pulsating swelling with a systolic thrill was present which 
emitted an intermittent flow of blood after exploratory puncture. 


Symptoms. ‘These have not been closely studied in animals, but in 
the majority of cases the only symptoms reported are emaciation, general 
debility, and sometimes sudden internal hemorrhage. 

Aneurysm of the abdominal aorta can be palpated abdominally in 
small animals, and by rectal examination in large animals, as a globular or 
elongated, hard or elastic pulsating swelling a little to the left of the verte- 
bral column. The swelling becomes harder and larger at each pulsation, 
and can thereby be distinguished from transmitted pulsation in the case 
of other tumours or abscesses situated close to the aorta. Sometimes the 
aneurysm is imbedded in cedematous or connective tissue, when pulsation 
may not be felt. In the case of abundant thrombus formation the pulse is 
delayed and slow on the distal side of the aneurysm owing to stenosis of the 
efferent vessel by fibrin deposits. In aneurysm of the root of the aorta 
this anomaly of the pulse is felt in all the arteries, but in aneurysm of the 
posterior aorta only in those of the hind quarters. 

Over superficial aneurysms or those of the aorta itself vascular murmurs 
are usually heard as a continuous humming sound, but sometimes as 
a murmur occurring only during systole or diastole. ‘Tombari observed 
a blowing murmur over a pulsating swelling in the sacral region, Schmidt 
a murmur synchronous with the heart beat over an aneurysm of the first 
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part of the posterior aorta. In aneurysm of the root ot the aorta the 
murmur is heard at the base of the heart and further downwards. 

Hypertrophy of the left stde of the heart develops only in extensive 
arteriopathy or pronounced stenosis of the lumen caused by thrombi. 
Dilatation of the first part of the aorta may cause insufficient closure 
of the semilunar aortic valves, and in a case observed by Norr there were 
definite symptoms of valvular insufficiency. Definite stenosis of the 
vascular lumen of the vessel leads to nutritional disturbance in the parts 
distal to the aneurysm, and also weakness of the hind quarters, especially 
during exercise. Lastly, heart weakness may ensue with vertigo, exhaus- 
tion and venous congestion, and sometimes epileptiform convulsions. 
Occasionally nervous disturbances may be caused by pressure on nerve 
trunks (cardiac acceleration from pressure on the vagus, or laryngeal 
stridor from pressure on the recurrent nerve). In a case of Schmidt’s in 
a horse acute pain occurred when the head was forcibly lowered. 

Course. The development of an aneurysm may take a long time 
before definite symptoms appear (in a case of Tombari 3 years). A fatal 
termination may result either from pressure on neighbouring organs or 
interference with the circulation, or suddenly from rupture. 

Treatment. ‘The treatment of aneurysms by electro-puncture or 
the injection of chloride of iron with the object of promoting thrombosis 
does not apply to animals. Also little benefit can be expected from the 
subcutaneous injection of gelatin which has been tried in man. Treat- 
ment is consequently limited to general care of the animals and regulation 
of any disturbance of the heart function. Iodide of potassium appears 
to be useless. 


3. Thrombosis and Embolism of the Larger Arteries 


Etiology. Very exceptionally the aorta and its branches may be 
occluded by emboli derived from the heart or from an aneurysm of the 
thoracic aorta or of the mesenteric artery. More usually occlusion is 
caused by thrombi formed by the continual deposition of layers of fibrin 
in cases of endarteritis or indeed of any arteriopathy. This form of 
vascular occlusion is most common in horses from the action of the larve 
of Strongylus vulgaris, and sometimes occurs in dogs in Filaria immitis in- 
festation. More rarely occlusion arises from compression of the arteries 
by tumours or exostoses, or from acute inflammation or crushing of the 
wall of the vessel. 

Pathogenesis. Occlusion of the larger arteries causes a characteristic 
functional disturbance of the muscles, which is known as periodic limping 
or intermittent claudication. In the majority of cases the occlusion is 
incomplete, or is relieved by the collateral circulation. ‘Thus the. part 
of the body supplied by the occluded artery obtains a certain amount of 
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blood which supplies the tissues with sufficient material to sustain life 
and to maintain a certain degree of function. Long-continued and severe 
muscular work, however, owing to the reduced supply of oxygen and the 


local fall of blood pressure, causes insufficient oxygenation and conse- 


quently insufficient functional activity, and also an accumulation of waste 
products of metabolism, especially of lactic and carbonic acids, and there- 


Fic. 185.—THRoMBosIs OF THE PosTERIOR PART OF THE ABDOMINAL AORTA AND 11S 
BRANCHES IN A Horse, 


a, Abdominal aorta; b, b’, art. circumflexa ilium prof.; c, c’, art. iliaca externa; d, d’, art. hypo- 
gastrica; e, e’, art. obturatoria; f, f’, art. iliolumbalis; g, g,’ art. glutea sup.; A, h’, art. sac- 
ralis lateralis. 


fore rapid muscular fatigue. During interruption of exercise the products 
of fatigue are gradually removed from the muscles, when the symptoms 
of fatigue and functional disturbance disappear, to recur again on the 
repetition of muscular exertion. 

Anatomical Changes. [In the horse thrombosis (which is usually 
caused by Strongylus larvae) is generally found in the anterior mesenteric 
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artery, sometimes in the posterior end of the aorta and its pelvic branches 
(iliac, femoral and hypogastric), from which it may extend to the tibial 
arteries. Occasionally thrombosis occurs in the arteries of the anterior 
extremity (axillary, brachial) or in the first part of the aorta. In a case 
of filariasis hematica in a dog Hutyra found a large portion of the thoracic 
and abdominal aorta occluded. Harper found acute thrombosis of the 
abdominal aorta extending to the iliac artery, and Dirschlmayer throm- 
botic occlusion of the axillary and brachial arteries. 

The thrombus (Fig. 185) is usually firmly adherent to the roughened 
wall of the vessel and is dry, tenacious and usually laminated. It may cover 
only a part of the wall and cause diminution of the lumen (thrombus 
parietalis), or the whole circumference of the vessel, when it is sometimes 
perforated by a central canal (thrombus canalisatus), or it may cause 
complete occlusion of the artery (thrombus obturans). At the anterior 
end and on the external surface of the thrombus fresh deposits of 
fibrin form. In the course of time connective tissue formation develops 
which may fill the whole lumen of the vessel and transform the artery into 
a hard cord (organisation of thrombus). 

- Symptoms. In the horse, in thrombosis of the posterior part of 
the aorta, which is rather rare, the animal may show weakness and even 
inability to maintain stance Ane trotting or galloping, sweats profusely 
and trembles. When urged to go further it collapses and falls to the 
ground. After lying down it becomes calmer and after a time stands up 
and is able to walk. Dornis observed gradually increasing paresis of the 
hind quarters. In partial thrombosis there may be no impairment of 
locomotion (in a case reported by Gratia a horse had covered nae kilo- 
metres two days before death). 

In unilateral thrombosis of the iliac or femoral artery impairment of 
movement is limited to one of the hind extremities. After a time, some- 
times only a few minutes, the foot on the affected side 1s raised less than 
the other, becomes more uncertain in movement and may knock against 
the opposite foot; the head hangs down, and the weight of the body is 
thrown as much as possible on the forefeet. Soon the affected foot 
scrapes the ground at each step and the animal finally falls on the affected 
side. In bilateral thrombosis the motor disturbances resemble on the 
whole those of aortic thrombosis, except that stumbling is not so evident. 
Similar motor symptoms produced by thrombosis of the iliac artery were 
observed by Coquot and Leblois in an 11-year-old dog, and by Zambotto 
in a 3-year-old cow. Harper in an 8-year-old dog observed repeated 
attacks of collapse followed by paralysis of the hind quarters and death 
in 2 days. 

Thrombosis of the axillary or brachial arteries causes impaired move- 
ment and gradually increasing muscular weakness in one of the forefeet, 
causing the animal to stumble, knock its affected foot against obstacles 
and scrape the ground with its hoof, till the foot trembles and finally 
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appears paralysed. In a dog with complete thrombosis of the axillary 
artery Dirschlmayer observed permanent paralysis of the limb with marked 
flexion of the elbow, paresthesia in the region of the toes (continuous 
nibbling), and atrophy of the muscles of the shoulder and upper 
arm. | 
Complete occlusion of the pelvic artery causes paralysis in the sacral 
region, tail, urinary bladder and rectum, and partial thrombosis pro- 
duces similar motor disturbances during movement. 

Motor disturbances appearing during movement disappear during 
periods of rest. 

The animal shows great anxiety, the pulse and respiration are accel- 
erated, there is profuse sweating except in the affected limb, which is. 
usually cold. Sometimes these symptoms are absent, and, on the other 
band, sweating may occur also in the affected limb. 

The seat of the thrombosis can sometimes be definitely determined 
by palpation if a firm blood clot or dilatation can be felt in the region 
_of the artery. In some cases of thrombosis of the aorta or its branches a 
‘thrombus can be felt on rectal examination, and also a diminution of 
pulsation or a thrill. In other cases occlusion of the femoral or axillary 
artery can be inferred by the absence of a pulse at the metatarsus or meta- 
carpus, but in a case of Rémer no difference was detected. 


In thrombosis of the carotid artery Glockner observed difficulty in deglutition, wheezing 
respiration, and later pulmonary emphysema. In thrombosis of the left carotid and internal 
carotid Siegen observed epileptiform convulsions occurring 20 to 30 minutes after trotting and 
lasting for about 20 minutes. In a case of Cadéac of thrombosis in the right carotid in a dog 
sudden death occurred following the opening of an abscess. In a dog with paralysis of the hind 
quarters Joest found a worm aneurysm in the brachiocephalic artery, together with a retrograde 
embolism of the abdominal aorta directly before its bifurcation. 


Course and Prognosis. In a proportion of cases, after softening 
-and contraction of the thrombus, the blood can pass more or less freely 
and the circulation is restored by the collateral vessels after 3 to 6 months. 
Recovery by this means is, however, rare, as either the collateral circulation 
remains insufficient or the thrombus increases by further deposits of 
fibrin. Also occasionally thrombosis of a vessel of the posterior 
extremity is followed by the same in the anterior extremity. In 10 years’ 
experience with an assurance company Ris found that 1-5 per cent. of 
cases of working incapacity were due to thrombosis of the aorta and its 
branches. 

In the absence of compensation the functional capacity of the muscles 
remains permanently reduced, or is still further reduced by the further 
deposit of fibrin, the affected part of the body undergoes atrophy, and the 
animal becomes unfit for work, or occasionally necrosis of the tissues 
occurs. In a case reported by Martin and Bouley with occlusion of the 
axillary artery gangrene of the muscles of the anterior extremity occurred, 
and in a case of Cadeéac with thrombosis of the femoral artery gangrene 
of the posterior extremity. There is also to be considered the possi- 
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bility of thrombotic embolism of a vital organ such as the brain or 
kidney. 

Treatment. The collateral circulation should be promoted by daily 
increasing exercise of the animals till the first signs of muscular weakness 
appear. In this way, and later by gradually increasing their work, com- 
plete recovery is sometimes attained. An attempt should also be made 
to perform repeated rectal massage of a palpable thrombus for 5 or 10 
minutes in order to promote its absorption. Medicinal treatment by 
iodide of potasstum produces no effect, but Reichenbach observed the 


Fic. 186.—THROMBOSIS OF THE ANTERIOR VENA CAVA. 


(Edematous infiltration of the neck and shoulder region and the anterior extremities. The 
swelling ceases at the xiphoid cartilage. 


disappearance of lameness 10 days after two intravenous injections of 
fibrolysin (10 c.c. each, with an interval of a week). 


Thrombosis of the Pulmonary Artery. This is not very rare and is 
caused by emboli arising from the right side of the heart or from one of the 
organs, exceptionally by the entrance of foreign bodies (hairs during venesec- 
tion, broken injection needles, Dirofilaria immitis or Angiostrongylus parasites). 
It rarely arises from an inflammation of the lung. Kappel found thrombosis 
of the pulmonary artery in 9 per cent. of slaughtered horses, usually due to 
thrombo-embolism from the veins of the posterior extremity and preputium. 
In a case observed by Huguenin in a dog, the emboli originated from the 
thrombi in the cervical veins, and in a cow from the plantar veins (Grawort). 
Hoflund saw four out of five cases in cows immediately or shortly after calving 
resulting from thrombosis of the uterine veins. 
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Thrombosis of small vessels of the lung causes no pathological changes, but 
obstruction of larger vessels produces severe inspiratory dyspnoea or: sudden 
attacks of asphyxia resembling “‘ heaves’ with acceleration of the pulse. These 
attacks, which are sometimes fatal, were observed by Kappel in twelve out of 
thirty-eight cases. Post-partum embolism of the pulmonary artery gives rise 
to sudden attacks characterised by dyspnoea and extraordinary acceleration 
of the heart action, recurring at short intervals when not fatal in the first 
instance; prognosis is grave and destruction may be the best course. 


4. Thrombosis of the Large Venous Trunks . 


Obstruction of the large veins is rare and usually due to the pressure of 
enlarged lymphatic glands, tumours or abscesses, more rarely to endophlebitis 
or thrombosis resulting from slowing of the circulation. ‘Thrombosis of the 
vene cave has been observed in horses and cattle and in the dog. Thrombosis 
of the portal vein has also been seen in horses. 

In thrombosis of the anterior vena cava there is engorgement of the veins of 
the head, neck, anterior extremities and the thorax, with cedema in these regions 
and hydrothorax (Fig. 186). In incomplete occlusion there is also a negative 
venous pulse. ‘Thrombosis of the posterior vena cava gives rise to similar 
changes in the hind extremity, but when the thrombus is situated between the 
liver and the heart there is also ascites. ‘Thrombosis of the portal vein interferes 
with the movements of the stomach and intestine. 


5. Rupture of the Large Bloodvessels 


Rupture of large bloodvessels is exceptional without antecedent disease of 
their walls, as this may occur in the first part of the aorta and pulmonary artery 
in the region of the semilunar valves where the walls are very thin (in the horse 
only 1 mm. as compared with 5 to 7 mm. in the aortic arch). Consequently 
the wall may become ruptured at this place by increased blood pressure. 
Secondary causes of rupture include traumatic injuries, drawing heavy loads, 
strenuous galloping, falls, vomiting, parturition and over-exertion. Rupture 
of the anterior or posterior vena cava or portal vein may be caused in the same 
way. 

As a rule, however, rupture takes place in vessels which are already diseased 
(sclerosis, abscess formation, necrosis in the surrounding tissues, or lesions 
caused by animal parasites such as Strongylus larve or Spirocerca sanguinolenta). 

The symptoms of rupture of a large bloodvessel are on the whole identical 
with those of internal hemorrhage, the cause of which is usually determined only 
on post-mortem examination. 
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ABDOMINAL Cavity, cysticerci in, 425 
pain in uterine contractions, 151 
paracentesis, 437, 444 
** roaring ’’ in young horses, 121 

Abomasum, acute distension of, 118 
atony of, 78 
chronic distension of, 120 
fistula of, 127 
foreign bodies in, 85 
primary obstruction at, 119 
torsion of, 130 
tumours of, 128 
ulcer of, 125 

Abscess of guttural pouch, 483 
of heart muscle, 655 
of liver, 385, 386 
of lung, 592 


TS of cesophagus, 50 


peritoneal, 441, 444 

pharyngeal, 29 

retropharyngeal, 30 
Acidosis of pregnant ewes, 383 
Actinomycosis of larynx, 4.92 

of liver, 386 

of nasal cavities, 466 

of peritoneum, 444. 

of rumen and reticulum, 128 
Acuaria hamulosa, 277 

reticulata, 38 

spiralis, 277 

uncinata, 60, ai) 
Acuarlosis, 278 
Adams-Stokes syndrome, 637 
Adenoma of liver, 399 
Adrenaline in hematemesis, 133 

type of arteriopathy, 676 
/Egagropili, 86 
lurostrongylus abstrusus, 517, 526 
Alkaloids, fractional doses of, 144 
Allantiasis. See Botulism 
Allergic-test for Gastrophilus, 260 

for ‘Trichonema, 396 

Aloin test for hemoglobin, 135 
Alveolar caries, 3 

emphysema, 543,544 
Alveolitis nodularis verminosa, 52 ce 
Amidostomosis, 278 
Amidostomum anseris, 277 
Ameeba histolytica, 167 

meleagridis, 359 
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| Ameoebiasis intestinalis, 362 


meleagridum, 359 


| Amoebotenia sphenoides, 291 
_ Amyloid disease of liver, 372 


of spleen and kidney, 374 
reaction, 374 
Anaphylactic enteritis, 160 
Anaphylaxis, hydatid, 401 
Ancylostoma caninum, 314 
duodenale, 315 
Ancylostomatosis, 314 
Aneurysm, 680, 681 
cylindrical, 680 
fusiform, 680 
of aorta, 680 
of coronary arteries, 680 
of heart, 655, 661 
of mesenteric arteries, 681 
rupture of, 681 
saccular, 680 
Angina, 27, 33, 485 
ludovici, 26 
membranacea, 4838 
pectoris, 679 
Plaut-Vincent, 20 
Angioma of liver, 399 
Angiostrongylus vasorum, 518, 525 
Animal parasites and ova, examination of 
feeces for, 253 
of crop, 60 
of intestine, 198, 252 
of liver, 399 
of lung, 517 
of nasal cavities, 468 
of oesophagus, 55 
of peritoneum, 445 
of pharynx; 37°) °°. 
of stomach, 252, 259 
Anoplocephala, 282 


_ Anorexia, periodic, of horse, 105 


Anthelmintics, 261, 271, 274, 289, 293, 
304, 309, 314, 318, 322, 330, 340, 345; 
349, 353, 358, 418, 528 

Antimonium tartaratum, 305, 330 

in coccidiosis, 349 

Antiseptics, intestinal, 145, 165 

Antizymotics, 76, 84. 

Antral catarrh, 475 

Aorta, aneurysm of, 680 

calcification of, 678 
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Aorta, onchocercine of, 680 
thrombosis of, 684. 
Aortic orifice, stenosis of, 667 
valves, insufficiency of, 665 
Aortitis, tuberculous, 680 
Aphthe, Bodnar’s, 7 
sporadic, 7 
Aphthous stomatitis, 7, 8 
Apomorphine, 105, 11g, 124 
Appendicitis, 162 
Appetite, perversion of, 103, 107 
Arhythmia, extrasystolic, 636, 641 
perpetua, 641 
Arterial induration, degenerative hyper- 
plastic, 676 
Arteries, calcification of, 678 
thrombosis and embolism of, 682 
Arteriopathia chronica, 676 
Arterio-sclerosis in animals, 677 
in man, 677 
Arteritis, 679 
Artificial feeding of animals, 36 
Ascaridosis, 299 
of liver, 427 
of lung, 304 
Ascarids, 198 
development of, 300 
infection by, 301 
species of, 299 
Ascaris lumbricoides, 299 
suis, 299 
vitulorum, 299 
Ascarops strongylina, 274. 
Ascites, 432 
adiposus, 433 
chyliformis, 433 
chylous, 433 
idiopathic, 432 
paracentesis in, 437 
percussion dulness in, 434 
primary, 432 
puncture in, 436 
secondary, 432 
Ascitic fluid, characters of, 436 
sediment in, 433 
Aspergillus fumigatus, 449 
mycosis, 480 
Asthenia, infective, of fowls, 153 
Asthma, bronchial, 514 
cardiac post-aphthous, 656 
Asthmatic attacks in emphysema, 550 
Astringents, intestinal, 145 
Atelectasis of lung, 578 
Atheroma, 677 
Atheromatosis, 676 
Atheromatous ulcers, 677 
Athero-sclerosis, 676 
Atony of fore-stomachs, 78 
of omasum, 81 


Auricular block, 630 
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Auricular flutter and fibrillation, 630 
Auriculo-ventricular orifice, left, stenosis 
of, 669 
right, stenosis of, 671 
Autonomic nervous system in physiology 
of fore-stomachs, 65 
Axis traction. See Torsion 


Bacillus actinoides, 580 
anatum, 136 
botulinus, 167 
bronchiolitidis vituli, 580 
bulgaricus, 143 
coli, 136, 580 
cuniculisepticus, 460 
dysenteriae, 166 
enteritidis breslaviense, 137, 159 
Gartner, 159 
felisepticus, 462 
Flexner, 166 
lepisepticus, 460 
metadysenteria, 166 
necrosis, 387, 463, 573 
paratyphus, 27, 159 
pheumonicus, 460 
pseudotuberculosis, 159 
pyocyaneus, 457 
pyogenes, 18 
suis, 459 
salivarius septicus, 20 
tuberculosis, 595, 602 
Bacterium asthenia, 153 
coli lymphaticum, 445 
influenze suis, 510 
subtile agnorum, 19 
Balantidium coli, 362 
Balser’s disease, 430 
Barany’s cesophageal sound, 49 
Barium meal for X-ray examination, 47 
Benzedine test for hemoglobin, 135 
Bile pigment, anhepatocellular, 364 
hepatogenous, 364 
in blood serum, 366 
in urine, detection of, 366 
quantitative estimation of, 367 
Bilharzia, 391 
Biliary passages, diseases of, 363 
stasis 365 
Bitters, 108 
Blackhead, 359 
Bladder worms, 281, 400 
Blastomycetes in liver, 427 
Blastomycosis, nasal, 466 
Blenorrhoea nasalis, 450 
Blood corpuscles, examination for, 134 
pigment, examination for, 135 
Bloodvessels, diseases of, 676 
Bodnar’s aphthe, 7 


Bot-fly, 37, 255, 257 
Bothriocephalosis, 290 


INDEX 


Botulism, 167 

in birds, 172 

in cattle, 171 

in horses, 170 

in man, 172 

in pigs, 172 
Brachylemide, 298 
Bradycardia, 632 
Bran poisoning in horses, 140 
Brisket disease, 641 
Broken wind, 547 
Bronchi, diseases of, 494 

foreign bodies in, 494 

stenosis of, 514 
Bronchial asthma, 514 

catarrh, 494 


acule, 494, 497 
chronic, 495, 497 
enzootic, 501 
putrid, 497 
secondary, 495 
croup, 499 
Bronchiolitis, 4.94. 
Bronchitis and broncho-pneumonia, in- 
fectious, of cattle, 505 
of horse, 502 
capillary, 494 
crouposa, 499 
putrida, 497 
sclerotisans, 595 
sicca, 4.96 
Broncho-pneumonia, 572 
contagious, of rabbits, 577 
infectious, of dogs, 577 
Broncho-pulmonary strongylosis, 515 
Broncho-spirochetosis of fowls, 494 
Broncho-stenosis, 513 
Brucella abortus, 581 
** Brush tongue,” 3 
Buccal cavity, diseases of, 1 
chronic catarrh of, 3 
Bullous stomatitis, 5 
Bunostomosis, 320 
Bunostomum phlebotomum, 320 


Caecum, invagination of, 242 
puncture of, in obstipation, 187 
torsion of, 233, 237 

Calcium in pleuritic effusion, 609 

Calomel, 144 

Cammidge’s pancreatic reaction, 428 

Cancerous facies, 398 

Capillaria, 312 
aérophila, 474, 518, 526 
annulata, 60 
contorta, 60 
hepatica, 427 
perforans, 60 

Capillariosis, 312 

Capsules in mass treatment of sheep, 421 
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Carbon bisulphide in ascaridosis, 304 
in gastrophilosis, 260 
tetrachloride in ancylostomatosis, 318, 
B22 
in ascaridosis, 304, 306 
in distomatosis, 4.19 
in echinorhynchosis, 340 
in gastrophilosis, 261 
in heterakidosis, 30g 
in hyostrongylosis, 274 
in cesophagostomosis, 335 
in strongylidosis, 330 
in trichostrongylosis, 271 
necrobiosis of liver from, 377 
Cardiac asthenia, 638 
cicatrices, 655 
dissociation, 634, 637 
insufficiency, 638 
Castor oil, 98, 143, 192, 203 
Castration, intestinal strangulation after, 
P24 
Catarrh, bronchial, 4.94 
buccal, 2 
intestinal, acute, 136 
chronic, 152 
laryngeal, 485 
malignant, of swine, 457 
nasal, 448 
of frontal sinus, 4.79 
of guttural pouch, 480 
of maxillary antrum, 475 
of sphenoidal sinus, 4.79 
of stomach, 101, 106 
pancreatic, 429 
Catarrhal intestinal colic, 149 
pneumonia, 572 
Catarrhus ventriculi acutus, 101 
Cement disease, 581 
Cephalomyia maculata, 37, 470 
ovis, 468 
Cephenomyia auribarbi, 471 
stimulator, 471 
trompe, 37, 471 
ulrichi, 471 
Cercariz, infection by, 408 
migration of, in liver, 417 
of trematodes, 295 
Cercarial cysts of liver flukes, 406 
Cercomonas hepaticum, 427 
Cestodes. See 'Tape worms, 281 
Charcot-Leyden crystals, 515 
Chenopodium vermifuge, 305, 312, 318, 
~ 329, 340 
Chicken flu, 510 
Chloral hydrate enema, 116, 151, 220 
Chloral hydrate, intravenous injections of, 
116, 151, 220 
Choanotenia infundibulum, 291 
Cheerostrongylus pudendotectus, 517 
Cholagogues, 367 
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Cholangioitis, chronic, 391 


Cholelithiasis, 367 
Cholesterine type of arteriopathy, 676 
Chylo-thorax, 611 
Cirrhosis of liver, 388 
annular, 391 
atrophic, 389, 392 
auto-infectiosa, 390 
biliary, 391 
cholangioitic, 391, 412 
distomatosic, 412 
dyspeptic, 390 
hetero-infectiosa, 390 
hypertrophic, 389, 393 
insularis, 391 
interstitial chronic multiplex, 392 
Laennec’s, 392 
lobaris, 391 
lobular, 392 
parasitic, 390 
secondary, 390 
tuberosa, 392 
Cloacitis, infectious, of fowls, 140 
Clonorchis, 424 
Clostridium botulinum, 167 
parabotulinum bovis, 168 
equi, 168 
luciliz, 168 
Clover, dangers of, 76, 136 
Coccidia carriers, 345 
detection of, in feces, 255 
development of, 341, 342 
Coccidial dysentery, 342 
Coccidiosis, hepatic, 4.26 
infection by, 347 
intestinal, 34.1 
in cattle, 342 
in dogs and cats, 350 
in fox, 352 
in guinea-pig, 355 
in hare, 354 
in poultry, 355 
in rabbit, 352, 426, 474 
in rats, 355 
in sheep and goats, 347 
in squirrel, 355 
in swine, 350 
treatment and prophylaxis of, 346 
Coccidium cuniculi, 426, 474 
zurni, 342 
Cceeliac artery, thrombosis of, 220 
Coenurus cerebralis, 287 
Cold in causation of intestinal catarrh, 138 
of pneumonia, 555 
Colic, 248 
catarrhal intestinal, 149 
frequency of, in horses, 249 
intestinal, 249 
non-intestinal, 249 
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| Colic, periodic, 219 
chronica hyperplastica petrificans, 413 | 


pseudo-, 249 
thrombo-embolic, 209 
true, 249 
Colica stercoracea, 179 
Colicky affections, 248 
Colon, catarrh of, 140 
irrigation of, 192 
small, invagination of, 242 
torsion of, 237 
torsion of, 232, 236, 241 
volvulus of, 237 
reduction of, by rolling, 240 
per rectum. 245 


| Complement fixation in echinococcosis, 


402 
Concretions in rumen and reticulum, 86 
Cooperia curticel, 264 
Copper sulphate as anthelmintic, 267, 
323, 530 
in prophylaxis of distomatosis, 422 
and sodium arsenite as anthel- 
mintics, 335 


Gar villosum, 610 
_ Corynebacterium equi, 580 


hemolyticum ovis, 364 
“pyogenes, 494, 573 


_ Coryza, 448 


avitaminotic, 454, 456 
contagious, of birds, 458 
infectiosa, 453 
primary, 454 
pustulosa equorum, 464 
secondary enzootic, 454 
Crenosoma vulpis, 518, 527 
Crop, catarrh of, 56 
diseases of, 56 
foreign bodies in, 57 
* hard,” 56 
incision of, 60 
obstruction of, 57 
parasites in, 60 
** soft,’’ 56 
** Crop milk,” 56 
Crotalariosis, 552 
Croup, 488 
Croupous gastritis, 273 
pneumonia, 555 
atypical, 565 
central, 565 
complications of, 567 
in cat, 567 
in cattle, 557, 566 
in dog, 557 
in fowl, 358, 567 
in goat, 557, 566 
in guinea-pig, 558, 567 
in horse, 556, 566 é 
in rabbit, 558 
in sheep, 566 
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Croupous pneumonia in swine, 557 
physical signs of, 562 
primary, 556 
secondary, 556 
specific, 556 


temperature course in, 563, 564, 


566, 567 
treatment of, 570 
Cryptococcus anseris, 427 
Curschmann’s spirals in asthma, 515 


Cutaneous reaction in echinococcosis, 4.02 


Cyathostoma bronchialis, 532 

Cysticercoid, 281 

Cysticercosis of liver, 424. 

Cysticercus pisiformis, 424. 
tenuicollis, 221, 286, 424, 445 


_Cytoleichus nudus, 536 


Davainea proglottina, 291 

Delirium cordis, 641 

Diaphragmatic hernia, 132, 221, 227 
non-incarcerated, 208 


Diarrhoea, contagious, of race-horses, 153 


infectious, of cows, 163 
Dicroccelium dendriticum, 405, 409 - 
Dictyocaulus arnfieldi, 516 

filaria, 515, 525 

viviparus, 516, 525 
Digitalis in heart weakness, 643 

preparations of, 644 
Dilatatio acuta ruminis ab ingestis, 68 

cordis, 647 

ventriculi acuta, 110 

chronica, 119 
Dioctophyme renalis, 427, 445 
Diphtheria of fowls, 455 
Diphtheroid gastritis, 273 

pharyngitis, 30 

stomatitis, 18 
Diphyllobothrium latum, 287, 290 
Diplococcus lanceolatus, 580 

ovis, 557 

pneumonie, 557 

felis, 557 
Diplospora avium, 355 
Dipylidium caninum, 287, 290 
Distemper of cattle, 506 

of dogs, 557 

of rabbits, 459 
Distension of stomach, acute, 110 

chronic, 119 
Distol, anthelmintic, 322 
Distomatosis, 403 

chronic, 413 

in cattle, 416 

in goat, 415 

in hare and deer, 416 

in horse and ass, 4.16 

in man, 417 

in rabbit, 417 
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Distomatosis in sheep, 415 

intra-uterine, 409 

of liver, 403 

of lung, 599 

transmission by Limneza snails, 423 
Distomum hepaticum, 403, 404 
Dithyridium, 281 
** Dunsiekte,”’ 389, 392 
Duodenum, catarrh of, 140 

invagination of, 242 
Dysenteric gastro-enteritis, 157 
Dysentery, 166 

amoebic, 167 

bacillary, 167 

coccidial, 342 

human, 166 

of cattle, 158 

ted, 349 

true, 166 


_ Dyspepsia, acute. 68, 101 


traumatic, 85 
Dysperistalsis, 233 


_ Dystrophic degeneration of liver, 275 


Echinococci, development of, 400 
distribution of, 399 

Echinococcosis in cattle and shecp, 402 
in swine, 402 
of liver, 399 © 
of lung, 597 


_ Echinococcus alveolaris, 401 


granulosus, 134, 401 
multilocularis, 401 
unilocularis, 401 
Echinorhynchosis, 338 
Echinorhynchus gigas, 427 
Echinostomatidz, 298 
Echinuria uncinata, 60 
Eimeria, 341 
anseris, 356 
arloingi, 347 
avium, 355 
canis, 351 
deblieki, 350 
faurel, 347 
intricata, parva, 347 
magna, 353 
perforans, 352 
stiede, 426, 474 
tenella, 355 
truncata, 356 
zurni, 342 
Elbow, deflection of, in pericarditis, 619 
Embolism of larger arteries, 682 
Emetics, 105, 119 
Emphysema, alveolar pulmonary, 543, 544 
chronic, 544. 
cutaneous, 544: 
enzootic, 552 
interstitial, 544 
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Emphysema, pulmonary, 552 
vicarious, 545 
Emphysematous horses, fraudulent treat- 
ment of, 550 
“ Empty swallowing,” 63 
Empyema of accessory nasal cavities, 4.51 
of frontal sinus, 479 
of guttural pouch, 483 
of maxillary sinus, 4.75 
pleuritic, 604 
Endarteritis chronica deformans, 676 
of aorta, 679 
parasitic, 679 
Endocarditis, acute, 659 
chronic, 663 
erysipelatic, 662 
parietalis, 661 
ulcerativa, 659 
valvularis, 660 
verrucosa, 659 
Endomyces albicans, 15 
Enema, chloral hydrate, 116, 151 
Enemata, massive, in fecal impaction, 186 
of silver nitrate, 146, 154, 165 
nutrient, 36 
Entamceba histolytica, 167 
Entéque, 334 
Enteralgia catarrhalis, 149 
Enteritis, anaphylactic, 160 
croupous, 154, 157, 161 
enzootic, 159 
hemorrhagic, 342 
muco-membranous, 154. 
pseudo-membranous, 156 
Enterohepatitis, infectious, of turkeys, 359 
Enteroliths, 196, 205 
Enterorrhagia, 134 
Enzootic pneumonia of young animals, 579 
Epistaxis, 44.7 
Eructation, 64 
Euproctis chrysorrhoea, 2, 17 
Eustrongylides elegans, 277 
tubifex, 277 
- Eustrongylus gigas, 427, 445 
Expiratory groove in emphysema, 548 
Extrasystole, 629, 633 
Extrasystolic arrhythmia, 636, 641 


Fecal impaction in carnivora, 190 
in elephants, 194 
in horses, 179 
in large intestine, 
in poultry, 195 
in rabbits, 195 
in ruminants, 193 
secondary, IQI 
in small intestine, 184 
in swine, 194 

TIS, examination of, for coccidia, 255 . 
for lung-worm larvee, 254 
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Feces, examination of, for parasites and 
Ova, 253 
hemorrhagic, 134, 135 
tarry, 134 
Fasciola gigantica, 405, 406 
hepatica, 403 
development of, 405 
intermediate hosts of, 404 
magna, 404, 406 
Fasciolosis of liver, 4.03 
of lung, 599 
Fatty degeneration, 371 
heart, 658 
infiltration, 370 
liver, 370 
stools, 428 
Febris aphthosa simplex, 7 
Feeding, artificial, 36 
Filaria gastrophila, 56 
immitis, 682 


| Filix mas, 289, 293, 418 


in distomatosis, 420 


Fistula, pharyngeal, 33 


reticulo-abomasal, 126 


salivary, 25 


| Flatulence, acute, in ruminants, 72 


and fermentable fodder, 73, 76 
chronic, 77 
Flukes, 294 
Food balls, 87, 205 
Foreign bodies in bronchi, 494 
in crop, 57 
in fore-stomachs, 85 
in intestine, 205 
in liver and bile ducts, 370, 374 
in lung, 596 
in nasal cavities, 449 
in oesophagus, 44, 46 
removal of, 49 
in pancreas, 429 
in pericardium, 615 
in stomach, 122 
Fore-stomachs, concretions in, 86 
foreign bodies in, 85 
in ruminants, diseases of, 65 
function of, in digestion; 67 
physiology of, 65 
Formalin in atony of stomach, 84 
in gastro-enteritis, 165 
in tympanites, “6, 78 
Fractional doses of alkaloids, 144 
Frontal sinuses, catarrh of, 479 
trephining, of, 470, 479 
Fungi in buccal catarrh, 2 
in fodder, 17 
Fungus and meat poisoning, 157, 16 


Gall-bladder, impaction of, 369 
rupture of, 369 
Gall-stone colic, 369 
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Gall-stones, formation of, 368 
Gangrene in arterial thrombosis, 685 
of lung, 567 
Gapes, 531, 534 
Gas masks for animals, 541 
poisoning in war, 540 
Gastin, 261 
Gastric and duodenal u'cers in man, 126 
catarrh; acute, 101 
chronic, 106 
primary, 101 
secondary, 102 
infusions in fecal impaction, 186, 
188 
lavage, 143, 165 
stimulants, 106, 108 
ulcer, 125 
rupture of, 127 
Gastritis atrophicans, 107 
croupous diphtheroid, of swine, 273 
hyperplastica of horse, 107, 109 
polyposa, 107 
proliferans, 107 
purulent, 161 
verrucosa, 107 
Gastro-enteritis, croupous or diphtheroid, 
161 
fibrinous, 161 
hemorrhagic, 161 
in birds, 163 
in intoxications, 160 
in specific infections, 160 
primary, 157 
prophylaxis of, 166 
secondary, 160 
ulcerative, 161 
Gastro-intestinal 
animals, 147 
Gastrophilus, development of, 256 
flavipes, 256 
hemorrhoidalis, 255 
inermis, 256 
intestinalis, 255, 257 
larva, cachexia, 260 
larve, infestation by, 259 
in Intestine, 198 
in pharynx, 27, 37 
in stomach of horse, 255, 257 
nasalis, 256, 257 
pecorum, 40, 256 
Gigantorhynchus, 338 
Gizzard, grit deficiency in, 109 
Globidium in foals and sheep, 362 
Glottic oedema, 490 
Glucose, infusion of, 37, 166 
Glycosuria in intestinal displacements, 
251 ¢ 
in pancreatic affections, 428 
Gmelin’s test, 366 | 
Gnathostoma hispidum, 275 


catarrh in young 
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Gnathostoma larve, 427 
of dog, 275 
Gongylonema crami, 60 
ingluvicola, 60 
ransomi, 56 
scutatum, 55 
Granuloma, nasal, 4.66 
Graphidium strigosum, 276 
Grass disease of cattle, 173 
sickness of horses, 173 
Grimbert’s test, 366 
Grit deficiency in birds, 109 
Guaiacum test for hemoglobin, 135 
Gussarsson’s oesophageal sound, 49 
Guttural pouch, catarrh of, 480 
concretions in, 481 
empyema of, 483 
endoscopic examination of, 482 
hydrops of, 481 
infection of, in strangles, 481 
meteorism of, 484 
mould fungi in, 481 
parotid swelling in, 481 
X-ray examination of, 483 
Gutteroliths, 481 


Habronema, development of, 262 
megastomum, microstomum, musce, 
262 
Habronemosis in horse, 262 
in parrot, 277,279 
Hemangioma cavernosum of liver, 399 
Hematemesis, 132. 
in gastric ulcer, 127 
Hematin, 133 
Hematoma intestinalis, 198 
Hematothorax, 611 
Hemonchus contortus, 264 
Hemopericardium, 628 
Hemophilus influenze suis, 509 
Hemopis vorax, 473 
Haemoptysis, 541 
Hemorrhoids, 134 
Hemostatics, 166 
Hair balls, 86, 205 
worms, 312 
Harmostomide, 298 
Hay fever, 449 
Heart, aneurysm of, 655, 661 
block, total, 634, 637 
congenital abnormalities of, 671 
dilatation of, 647 
percussion dulness in, 649 
diseases of, 629 
fatty, 658 
hypertrophy of, 650 
_ physiological, 651 
intermittent action of, 633 
murmurs, maximum intensity of, 666, 
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Heart muscle, cicatrices in, 655 
ossification of, 657 
parasites in, 659 
rupture of, 657 
tumours of, 658 
valvular disease of, 663 
combined, 672 
weakness, acute, 638, 640 
chronic, 639, 641 
See also Cardiac 
** Heaves groove’? in emphysema, 548 
Helminthiasis. See Worm infestation 
Hemiclepsis tesselata, 38, 473 
Hepatic auto-intoxication, 369 
Hepatisation of lung, 559 
Hepatitis, acute diffuse parenchymatous, 
of sheep, 381, 382 
chronic multiple interstitial, 392 
cysticercosa, 424 
distomatosa, 406, 412 
indurata, 4.13 
embolic, 385 
enzootica porcellorum, 378 
fibrosa retrahens, 414 
hemorrhagic, 380 
interstitial, 388 
protozoal, 427 
suppurative, 385 
Hepatotoxemia, 366 
Hernia, diaphragmatic, 132, 208, 221, 227 
external incarcerated, 230 
of foramen of Winslow, 222, 226 
Heterakidosis avium, 308 
Heterakis galline, 308, 359 
Heterophyidz, 298 
Histamine in founder, 139 
Histomonas meleagridis, 359 
Hook-worm infestation in cattle, 320 
in dog, 314 
in elephant, 323 
in felines, 319 
in ruminants, 319 
in sheep, 322 
in silver fox, 314 
in swine, 323 
See also Ancylostomatosis 
Horse flesh diet, effects of, 141 
fly larve, 40 
leeches, 37, 473 
typhus, 502 
Hour-glass stomach, 132 
** Hungarian flies,” 37 
Hunting disease of sheep, 574 
sickness, 544, 553 
Hydatid cysts, 400 
intoxication, 401 
of lung, 598 
thrill, 402 
Hydatidosis verminosa hepatis, 399 
Hydrochloric acid in drinking water, 106 
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Hydropericardium, 627 
Hydrops antri Highmori, 475 
pericardii, 627 
Hydrothorax, 611 
Hymenolepis gracilis, 291 
Hyostrongylus rubidus, 272 
suum, 272 
Hyphomycosis destruens equi, 17 
Hypocalcemia, 70 
Hypoderma larve, 41, 56 
Hypostatic hyperemia, 539 
pneumonia, 538 
Hystrichidosis, 278 
Hystrichis tricolor, 277 


Icterus, 363 
congestive, 363 
enzootic, of sheep, 364, 366 
gravis, 363, 369 
hemolytic, 363 
in croupous pneumonia of horse, 568 
infectious, of dog, 363, 366 
neonatorum, 364, 366 
Imminiger’s operation for foreign bodies 
in oesophagus, 49 
Impaction of bile ducts, 369 
of faeces, 179 
of cesophagus, 43, 46, 49 
of rumen, 68 
Incarceration of intestine, 220 
Incision of rumen, 84, 99 
Inclined plane in acute meteorism, 75 
in traumatic dyspepsia, 98 
Indicanuria, 114 
Indigestion, acute, 69 
Infectious bronchitis and __ broncho- 
pneumonia of cattle, 505 
of horse, 502 
cough, 500 
laryngo-tracheitis of fowls, 510 
Influenza of cattle, 505 
of dog and cat, 510 
of swine, 508 
of young pigs, 509 
Infra-orbital cavity, inflammation of, 477 — 
Infusoria in animals, 262, 361 
Ingluviitis, 56 
Inhalations in laryngitis, 487 
in nasal catarrh, 452 
in pulmonary gangrene, 595 
Internal strangulation of intestine, 220 
In«cattles227 
in dog, 227 
in horse, 225 
in swine, 227 
Intestinal antiseptics, 145, 165 
astringents, 145 > 
catarrh, acute, 136 
chronic, 152 
coccidiosis, 34.1, 347 
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Intestinal concretions, 196 
croup, 154 
echinorhynchosis, 338 
flagellata, 361 
gigantorhynchosis, 333 
hematoma, 198 
hemorrhage, 134. 
meteorism, 175 
mycosis, 157 
strongyloidosis, 335 
worm infestation, nodular, 332 
worms, 281, 305, 310, 314, 323 
Intestine, axis rotation of, 234. 
incarceration, 220 
intussusception of, 241 
invagination of, 241 
irrigation of, 192 
kinking of, 234 
obturation of, 196 
parasites of. See Intestinal worms 
puncture of, 179 
resection of, 220 
stenosis of, 204, 207, 208 
strangulation of, 220 
tape worms of, 281 
torsion of, 232 
volvulus of, 232 
Intrapharyngeal tumours, 38 
Intravenous feeding, 37 
Intussusception, 241 
in cattle, 245 
in dog, 246 
in horse, 245 
in sheep, 246 
Invagination of intestine, 241 
agonal, 243 
of stomach, 243 
Iodocasein in coccidiosis of birds, 358 
Irrigation of intestine, 192 
of rumen, 85 
Isospora, 341 
bigemina, 351, 352 


Japp disease of lambs, 487 
Jaundice, catarrhal, 363 
congestive, 363 
hemolytic, 363 
infectious, 366 
mechanical, 363 
Jejunum, invagination of, 242 
Jugular fossa in acute gastric distension, 117 
vein, congestion of, in traumatic peri- 
carditis, 624 


Kamala, anthelmintic, 293, 322 
Kinking of intestine, 234, 235 
Knotting of small intestine, 237 
Kum gata disease, 120, 188 


Laminosioptes cysticola, 536 
** Lampas,” 2 
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“ Lamsjeckte,” 167. 
Laparo-enterotomy, 203, 209, 251 
Laparoscopy, 97 
Laparotomy for colic, 251 
for faecal impaction, 188 
for foreign bodies in intestine, 203 
in stomach, 124 
for intestinal incarceration, 230 
stenosis, 209 
for intussusception, 24.7 
for torsion and hernia of stomach, 132 
Laryngeal catarrh, 485 
Laryngitis, croupous, 488 
fibrinous, 4838 
infectious, 500 
Laryngotomy, 493 
Laryngo-tracheitis in cats, 510 
Laryngo-tracheo-bronchitis, contagious, of 
horse, 500 
infectious enzootic, 500 
of fowls, 510 
Larynx, diseases of, 485 
oedema of, 490 
polypi of, 491 
stenosis of, 483 
tuberculosis of, 4.91 
tumours of, 491 
Lavage of stomach, 117, 143 
Laxatives, 106, 115, 144 
Leptospira icterogenes, 363, 366 


_ “ Licking sickness,” 82 
p. alLicks,, 530 
« “ Limber: neck,” -1'72 


Limneza snails and distomatosis, 423 

Limnatis nilotica, 473 

Linguatula denticulata, 427, 445 
rhinaria, 471, 600 

Linguatulosis of lung, 600 

: Lip seab, 1-6 

Liver, abscess of, 385, 387 
actinomycosis of, 386 
acute atrophy of, 381, 382 
amyloid degeneration of, 372 
cancer of, 398 ; 
cirrhosis of 388 
coccidiosis of, 426 
cysticercosis of, 424 
diseases of, 363. See also Hepatitis 
distomatosis of, 403 
echinococcosis of, 399 
fatty, 370 
fluke disease, 403 
hemangioma cavernosum of, 399 
hydatidosis of, 399 
necrobiotic degeneration of, 375, 376 

primary, 376 
secondary, 377 

nodular necrosis of, 387 
parasites of, 424, 426, 427, 399 
rot, 403 
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Liver, rupture of, 374 
toxic degeneration of, 371 
tuberculosis of, 386 
tumours of, 398 
** Liver staggers,” 396 
Lung, abscess of, 592 
affections of, 537. See also Pneumonia 
and Pulmonary 
alveolar emphysema of, 543 
ascaridosis of, 304. 
atelectasis of, 612 
cysticerci in, 425, 600 
echinococcosis of, 598 
fasciolosis of, 599 
hepatisation of, 559 
hyperemia of, 537 
linguatulosis of, 600 
oedema of, 538 
tuberculosis of, 595 
tumours of, 600 
worm, infestation of, 515 
prophylaxis of, 531 
treatment of, 528 
worms, development of, 518 
intra-uterine infection by, 521 
larve of, 516 
natural infection by, 520 
species of, 517, 518 
Lupinosis, 383 
Lymphadenitis, guttural, 482 


Macracanthorhynchus gigas, 134 
hirudinaceus, 339, 427 
Massage of flanks, 75, 78 
of rumen, 71, 84 
Maxillary sinus, catarrh of, 475, 476, 477 
transillumination of, 476 
Meckel’s diverticulum, 205, 220 
Meconium, retention of, 197, 201 
Mercurial stomatitis, 20 
Merozoites, coccidial, 341, 343 
Mesenteric arteries, anatomy of, 211, 213 
occlusion of, 209 
thrombosis and embolism of, 210 
resection of intestine in, 220 
veins, thrombosis of, 220 
Mesentery, torsion of, 235, 237 
Mesocestoides lineatus, 287, 446 
Metacercarial cysts, 295 
Metastrongylus brevivaginatus, 517 
elongatus, 516 
salmi, 517 
Meteorism, 175, 176 
acute, of ruminants, 72 
chronic, of ruminants, 77 
guttural, 484 
intestinal, 175 
Methylene blue in coccidiosis, 353 
Metorchis albidus, 424 
Micrococcus tetragenus, 462 
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Miescher’s tubes, 659 
Miracidia of liver fluke, 405 


Mites in air passages of birds, 536 


in buccal catarrh, 2 
in gastro-enteritis, 157. 
Mitral orifice, stenosis of, 669 
valve, insufficiency of, 668 
Morphine, intravenous, 116 
Mould fungi, 386, 586 
Mountain sickness, 640 
Mucoid degeneration of turbinate bones, 
478 
Mucomembranous enteritis, 154 
Mucor fumigatus, 449 
mucedo, 588 
pusillus, 386 
spinosus, 4.75 
Miullerius capillaris, 517 
Mumps, 24 
Mycosis intestinalis, 157 
Myiasis ventriculi, 255 
Myocarditis, acute, 654 
chronic, 655 ; 
focal, after foot-and-mouth disease, 656 
multiplex, 653 
purulent, 653 


Nanophyetus salmincola, 298 
Nasal and accessory cavities, diseases of, 
447 
empyema of, 451 
parasites of, 468 
tuberculosis of, 466 
tumours of, 466 
catarrh, acute, 448, 449 
benign infectious, of cattle, 452 
chronic, 449, 450 
enzootic, of birds, 453 
malignant, of swine, 457 
secondary, 449 
with cutaneous desquamation in 
horse, 452 ' 
Catheters 17 
hemorrhage, 447, 448 
inhalation, 452 
irrigation, 452 
polypi, 466 
Necator americanus, 316 
suillus, 323 
Necrobiosis of liver, 375 
Nematodirus filicollis, 264 
Nicotine as anthelmintic, 309, 340 
Noma, 19 
Notocotylide, 298 
Nutrient enemata, 36 
material, intravenous injection of, 37 
subcutaneous injection of, 36 


Obstipation, 179, 180 


| Obstructio ingluviei, 57 


Obturation in cattle, 201, 204 
in dog, 201, 204 
in horse, 199,203 
Occlusion, intestinal, 196 
oesophageal, 43 


Occult bleeding, 134. 


Odontoliths, 21 
(Hdema of glottis, 490 
of larynx, 35, 4.90 
(sophageal sounds, 49 
(Esophagismus, 41 
(Esophagitis, 40 
(Esophagocele, 52, 55 
(Esophagoscopy, 47 
(Esophagospasm, 4.1 
food impaction in, 43 
(Esophagostomosis intestinalis, 332 
(Esophagostomum, 332 
(Esophagus, dilatation of, 52 
diverticula of, 52 
foreign bodies in, 43, 45, 47 
obstruction of, 43 
occlusion of, 43 
paralysis of, 42 
parasites in, 55 
spasm of, 41 
stenosis of, 50, 51 
cicatricial, 51 
congenital, 50 
pressure, 51 
secondary, 50 
spasmodic, 50 
traction on, 52 
(Estrus larve, 37 
development of, 468 
infestation in sheep, 4638 
in other animals, 4.70 
Oidium albicans, 15 
Ollulanus tricuspis, 275 
Omasitis, 100 
Omasum, primary atony of, 81 
torsion of, 129 
tumours of, 128 
Omental enterocele, 222 
Oncospheres of tape worm, 281, 424 
Odcysts, coccidial, 341 
Opisthorchis, 423 
Oslerus osleri, 518, 526 
Ostertagia circumcincta, 264 
ostertagi, 264 
Oxygen, inhalation of, 499 
_ subcutaneous injection of, 499 
Oxyuridosis, 310 
Oxyuris equi, 310 
Ozzna, 450 


Palisade worms in horse, 323 
Palpitatio cordis, 629 
Palpitation, 629 

Pancreas, atrophy of, 430 
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Pancreas, calculi in, 430 
catarrh of, 429 
fat necrosis of, 430 
foreign bodies in, 4.29 
Pancreatic function, tests of, 428 
Pancreatitis, acute hemorrhagic and 
necrotic, 430 
chronic, 429 
suppurative, 4.29 
Paracentesis in ascites, 437 
in peritonitis, 44.4. 
Paragonimus westermanil, 599 
Paralysis of oesophagus, 4.2 
Parametorchis, 424 
Paramphistomide, 297, 4.24 
Paraphenyldiamine test for blood, 135 
Parascaris equorum, 299 
Parasites, animal. See ain parasites 
in air passages of birds, 531 
Parasympathetic stimulants, 72 
Parotitis, chronic, 25 
epizootic, 25 
indurative, 23 
Pasteurella aviseptica, 454, 558 
boviseptica, 557, 573 
cuniculiseptica, 558 
equiseptica, 579 
feliseptica, 558 
oviseptica, 579 


sulseptica, 28, 557, 579 
vituliseptica, 579 


_ Pasteurellosis, 460, 557 
| Pellicula lingue, 3 


Penetrating wounds of thorax, 612 
Penicillium glaucum, 587 


_ Pentastomum denticulatum, 427, 445, 600 


moniliforme, 440, 4.45 

teenioides, 471 
Periarteritis nodosa, 680 
Peribronchitis nodosa, 4.96 


_ Pericardial friction, 619 


Pericarditis, acute, 617 
chronic, 616, 618, 621, 625 
circumscripta, 618 
infective, 616 
primary, 615 
secondary, 615 
traumatic, 615, 618, 623 
tuberculous, 615, 619, 624 
with effusion, 620, 624. 


_ Pericardium, foreign bodies in, 615 


hydrops of, 627 

pasteurellosis of, 615 

puncture of, 624 
Periodic anorexia of horses, 105 
Peripharyngeal tumours, 38 
Peritoneal abscesses, 4.4.4. 
Peritoneum, animal parasites of, 445 

diseases of, 432 

tumours of, 4.44 
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Peritonitis, acute circumscribed, 442 
general, 440, 443 
chemical, 438 
chronic, 438, 440 
circumscribed, 442 
in intestinal stenosis, 205 


enzootic streptococcal, in fowls, 437° 


fibrinosa, 439, 443 
hyphomycetic, 438 


perforative, 437, 441 
primary, of horse, 437 
rheumatica s. a frigore, 439 
septiceemic, 438 
traumatic, 437, 443 
Pertussis, 487 
Pharyngeal fistula, 33 
Pharyngitis, acute, 33 
chronic, 28, 30, 33 
diphtheroid, 30 
enzootic, of cats, 28 
-in carnivora, 32 
in horse, 27, 30 
in ruminants, 30 
in swine, 30, 32 
necrobacillary, of swine, 30 
phlegmonous, 30 
primary, 27 
pseudo-membranous, 30 
ulcerative, 30 
Pharynx, actinomycosis of, 39 
functional affections of, 29 
tuberculosis of, 39 
tumours of, 38, 39 
Phlegmonous stomatitis, 17 
Phosphorus necrobiosis of liver, 376 
Physocephalus sexalatus, 274, 276 
Phytobezoars, 87, 197 
Phytoconcretions, 87, 197 
Phytotrichobezoars, 87 
** Picton cattle disease,’ 389 
Pilobezoars, 86 
‘* Pimply gut,” 333 
Pip, 3, 4 
Pituitas, 3 
Plant lice and buccal catarrh, 2 
particles as bacteria carriers, 24 
Plaut-Vincent angina, 20 
Pleura, diseases of, 602 
puncture of, 610 
Pleuritis, acute, 603 
adhesive, 604. 
chronic, 604, 607 
fibrous, 604, 607 
hemorrhagic, 604. 
in ruptured gastric ulcer, 127 
percussion dulness in, 604. 
pericarditis with, 606 
primary, 602 
purulent, 604 
putrefactive, 604 
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_ Pleuritis, resection of rib in, 610 
secondary, 602 
serofibrinous, 603 
serous, 603 
streptococcal, 604 
syphon drainage in, 610 
tuberculous, 602 
with effusion, 604, 607 

Pleurodynia, 539 

Pleuropericardial friction, 623 

Pleuroperitonitis of fowls, 606 

Pleuropneumonia, infectious, of horse, 556 

Pneumectomy, 601 

Pneumo-bacillus septicus, 579 

Pneumoconiosis, 596 


_ Pneumonia, aspiration, 591 


breeder, 586 
broncho, 522, 572 
catarrhal, 572 
chronic, 583 
interstitial, 595, 596 
croupous, 555, 556 
enzootic, 579, 580 
foreign body, 569 
gangrenous, 567 
hypostatic, 538 
in cat, 557 
in cattle, 557 
in dog, 557 
in fowls, 558 
in goat, 557 
in guinea-pig, 558 | 
in horse, 556 
in rabbit, 558 
indurative, 595- 
infectious, 579 
lardaceous, 596, 597 
lobar, 555 
lobular, 572 
mycotic, 586 
stall. 555 
suppurative, 590 
vagus, 592 
Pneumomycosis, 586 
Pneumo-pericarditis, enzootic, 615 
Pneumo-pericardium, 628 
Pneumothorax, 611, 612 
Pneumotomy, 595 
Poison gases, 546 
Pollen disease, 449 
Portal thrombosis, 687 
Pregnancy toxemia, 377. 
III., p. 469) 
Proctitis, hemorrhagic, 134 
Proglottides, 281 
Prosthogonimosis, 294. 
Prosthogonimus pellucidus, 294 
Protein therapy in gastro-enteritis, 166 
Protostrongylus commutatus, 517 
rutescens, 517 


(See also Vol. 


ON Be yt TaN ay Sy Per SE Gy A Me eA CeO etn. erp Tee), RN 
, } ; 4 ‘ii , 


a8 
\ 


INDEX 


Protostrongylus unciphorus, 517 
Pseudo-aphthous stomatitis, 11 
Pseudo-bradycardia, 632 
Pseudo-colic, 249 
Pseudo-enteroliths, 196 
Pseudo-membranous enteritis of cats, 156 
Ptyalism, 23 
Pulmonary apoplexy, 578 

artery, stenosis of, 670 

atelectasis, 539 

echinococcosis, 598 

emphysema, acute alveolar, 543 

chronic, 544 : 

gangrene, 567 

hemorrhage, 541 

hyperemia, 537 

oedema, 538, 540 

sclerosis, 595 

splenisation, 538 

tuberculosis, 595 

valves, insufficiency of, 669 
Puncture of cecum, 187 

of intestine, 144, 179 

of pericardium, 624, 625 — 

of pleura, 610 

of rumen, 49, 76, 444 
Pyloric obstruction, 123 
Pyobacillus capsulatus cuniculi, 460 
Pyothorax, 604 


Rabbit distemper, 459 
snuffles, 4.59 
Race-horses, contagious diarrhoea of, 153 
Rectal feeding, 36 
infusions, 186 
irrigation, 144 
Rectum, catarrh of, 140 
prolapse of, 259 
stenosis of, 207 
torsion of, 238 
Red dysentery of cattle, 342 
Resection of intestine, 220 
Restlessness in animals, causes of, 250 
Retching, 64. 
Reticulitis traumatica, 89 
Reticulo-abomasal fistula, 126 
Reticulum and rumen, tumours of, 128 
massage of, 99 
prolapse of, 83 
Retropharyngeal abscess, 30 
** Reuch-el-riya,”’ 517 
Rhinitis, atrophic, 450 
bullosa, 464 
catarrhal, 448 
chronic atrophic, 459 
coccidial, in rabbit, 4.74 
concharum, 450 
contagious, of rabbits, 459 
croupous, 462 
diphtheroid, 463 


701 


Rhinitis, follicularis, 464. 
hypertrophic, 450 
infectious, of cats, 462 
of guinea-pigs, 462 
of swine, 457 
purulent hemorrhagic, of swine, 459 
pustulosa, 464 
secondary, 484 
Rhincestrus purpureus, 37 
Rhinorrhagia, 447 
Rhinorrhcea, 450 
Rhinoscleroma, 466 
Rhinosporidiosis, 466 
Rolling, in reduction of intestinal torsion, 
240 
Rosenbach’s test for bile pigments, 366 
Rotatio coli, 232 
Roup, 453 
Rumen, concretions in, 36 
distension of, 68 
impaction of, 68 
incision of, 84, 99 
irrigation of, 85 
massage of, 71, 75, 78, 84 
paresis of, 69 
puncture of, 49, 76 
Ruminants, acute flatulence in, 72 
atony of fore-stomachs in, 78 
chronic flatulence in, 77 
diseases of fore-stomachs in, 65 


| Rumination, phenomena of, 67 


Ruminitis, 100 
Rupture of aneurysm, 681 
of gall-bladder, 369 
of heart, 657 
of large bloodvessels, 687 
of liver, 374 
Rye feeding catarrh in horse, 140 


Saburra, 188 


| Saccharomyces albicans, 15 


Salivary fistula, 25 
glands, diseases of, 23 
Salivation, 7, 23 
Salomon’s trocar, 96 
Salt licks, 470, 530 
Sand disease, 188 - 
impaction in horses, 188 
ingestion and gastro-enteritis, 159 
Santonin, 306, 314. 
Sarcoptes, 536 
Sarcosporidia, 659 


| Sarcosporidiosis of cesophagus, 56 


** Scalma,”’ 501, 653 

Schistosoma, 391 

Schmidt’s nuclear test, 428 
Schweinsberg disease, 120, 389, 427 
Sclerostomosis. See Strongylidosis 
Ship transport disease, 539 
Shipping fever, 510 
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Shock, 641 
Sialo-adenitis submaxillaris, 25 
Silo fodder, 422 
Simondsia paradoxa, 274 
Snuffles, malignant, of rabbit, 4.59 
Sodium arsenate vermifuge, 267 
Soor, 8 
South African vermifuge, 267 
Spasm of oesophagus, 41 
Spasmodic colic, 149 

stenosis of oesophagus, 50 
Sphenoidal sinus catarrh, 479 


Spirocerca sanguinolenta, 55, 275, 679, 687 


Spirocheta melanogenes, 159 
Spiruride, 262 
Splenisation of lung, 538 
Sporadic aphthe, 5 
Sporozoites, coccidial, 341, 343 
Staphylococcus pyogenes aureus, 20 
Status gastricus, IOI 
Steatorrhcea, 428 
Steatosis hepatis, 370 
Stenosis of aortic orifice, 667 
of auriculo-ventricular orifices, 
671 
of bronchi, 513 
of duodenum, 259 
of intestine, 204, 206 
of cesophagus, 50 
of ostei venosi, 669, 671 
of pulmonary ostium, 670 
of pylorus, 259 
of rectum, 207 
of small colon, 207 
Stephanurus dentatus, 427, 445 
** Stiff lambs,” 652 
Stomach, acute distension of, in horse, 110 
in other animals, 118 
chronic distension of, 119 
evacuation of, 117 
Gastrophilus larve in, 259 
hemorrhage from, 132 
hernia of, 132 
hour-glass, 132 
irrigation of, 117 
neoplasms of, 128 
rupture of, 112, 115 
torsion of, 129 
tube, introduction of, 117 
ulcer of, 125 
worm infestation in cat and dog, 275 
in cattle, 270 
in.deér, 270 
in fowls, 276 
in goat, 264 
in horse, 255, 262 
in mammals, 299 
in rabbit and hare, 276 
in sheep, 264. 
in swine, 271, 274 
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~ Stomach, worm larve, infection by, 277 


ova, detection of, in feces, 253 
*“* Stomach stagger,” 389 
Stomatitis aphthosa, 7 
simplex, 6 
sporadica, 5 
benigna, 7 
diphtheroides, 18. 
epithelialis of cattle, 13 
erosiva of cattle, 13, 17 
erysipelatosa, 17 
fibrinoso-maculosa, 7, 19 
follicularis, 2, 10 
gangrenosa, 19 
infectious papular, of cattle, 10 
mercurialis, 20 
mycotica, 7 
oldica, 14 
papillaris, 10 
papulosa bovum, 10 
phlegmonosa, 17 
profunda acuta, 17 
pseudo-aphthosa, 11 
ulcerosa, 20 
pseudo-aphthosa, 6 
vesiculosa simplex, 5 
Strangles, malignant, 503 
Strangulated hernia, external, 230 
Strangulation by omentum, 222 
by spermatic cord, 221, 228 
by spleno-nephritic ligament, 225, 231 
by urachus, 230 
intestinal, 220 
Streptocara pectinifera, 277 


| Streptocarosis of fowls, 279 


Streptococcus equi, 463, 464. 
peritonitidis equi, 437 
Strigeide, 298 
Strongyloides papillosus, ransomi, stercor- 
alis, suis, westeri, 336 
Strongyloidosis intestinalis, 335 
Strongylosis, 323, 328, 329 
in horse, 323, 427 
in sheep, 331 
nodularis intestini, 327 
pulmonum, 515 
Strongylus arnfieldi, 517 
edentatus, 324, 325, 327 
equinus, 209, 324, 325, 327 
filaria, 517 
micrurus, 517 
paradoxus, 517 
strigosus, 276 
tetracanthus, 324 
vulgaris, 210, 324, 679, 682 
Strophanthin, intravenous, 643 
Subcutaneous feeding, 36 
laxatives, 144 
Submaxillary gland, inflammation of, 25 
Sugar and molasses disease of horse, 140 
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Syngamosis, 531 
Syngamus trachea, 532 
development of, 532 


Tachycardia, paroxysmal, 629 
‘Tania coenurus, 286 
echinococcus, 287 
hydatigena, 286, 424 
lineata, 287 
mamillana, 282 
Marginata, 286, 424 
ovis, 286 
pisiformis, 286, 424 
plicata, 4.24. 
serlalis, 287 
serrata, 286, 424 
tenizformis, 290 
Teeniosis avium, 291 
bovis, 283 
canis, 286 
capre, 284 
cati, 290 
= €qul, 282 
Tahnoform in coccidiosis, 349 
‘Tape worms, development of, 281 
incidence of, 287 
intestinal, 281 
in Cat, 290 
in cattle, 283 
in dog, 285 
in fur-bearing animals, 288 
in goat, 284 
in horse, 282 
in poultry, 291 
in rabbit and hare, 290 
in-sheep, 284 
Tetrachlorethylene, 261, 271, 
322 
Tetrachloride of carbon. See 
tetrachloride 
Tetrameres, 276 
Tetrathyridium elongatum, 287, 446 
Thaumetopoea processionea, 2, 17 
* Thim-ni,” 471 
Thoracostomy in traumatic 
100 
Thorny-headed worms, 338 
Thread worms, 310 
Thrombo-embolic colic, 209 
Thrombosis of aorta, 684 
of axillary artery, 684 
of brachial artery, 684 
of femoral artery, 684 
of iliac artery, 684 
of mesenteric artery, 683 
of portal vein, 687 
of pulmonary artery, 686 
of vene cave, 687 
Thrush, 14 
Thymol in coccidiosis, 353 


[ 


280, 309, 
Carbon 


dyspepsia, 
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| Thymol enemata in cesophagostomosis, 335 


Tiger heart, 653 
‘Tongue, coating of, 3 

epithelial proliferation of, 3 

pip of, in birds, 3 

traumatic inflammation of, 1 

ulcer of, 3 
Tonsillitis, 33 
Torsion of abomasum, 130 

of colon, 232, 236 

of ileum, 232 

of rectum, 238 

of small colon, 237 

of stomach, 129 

post-mortem, 232 

reduction of, by rolling, 240 

spurious, 240 
Tracheal swab syringe, 530 
Tracheo-bronchitis, 4.94. 
Tracheotomy, 35, 39, 491, 493 
‘Traumatic dyspepsia, 85 
Trematode infestation of laying hens, 294 
Trematodes, 293, 297, 423 
Trichomonas columbarum, 361, 427 
Trichonema tetracanthum, 324, 327 
‘Trichosoma contortum, 60 
Trichostrongylide, 264 
Trichostrongylosis of cattle, 270 | 

of ostrich, 279 

of sheep and goats, 264 
Trichuridosis, 312 
Yrichiris, 312; 373 
Tricuspid valve, insufficiency of, 670 
Trigdontophorus, 327 
Trypanocidal drugs, 506 
Tuberculosis, gastric, 128 

hepatic, 396 

laryngeal, 491 

mediastinal, 51 

nasal, 466 

pericardial, 615, 619, 624 

peritoneal, 4.44. 

pharyngeal, 39 

pleural, 602 

pulmonary, 595 
Turbinate bones, mucoid degeneration of, 

478 
Turnip poisoning in cattle, 82, 85 
in horse, 140 

Turpentine oil as vermifuge, 305, 312, 322 
Tympanites, 72, 77 

chronica ruminantium, 77 
Typhlitis verrucosa, 309 


Ulcer of stomach, peptic, 125 
Ulcerative stomatitis, 20 

Ulcus ventriculi, 125 

Uncinaria, 315 

Uromyces occultus, 5 

Uterine contractions, painful, 151 
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Vajda’s method of detecting parasites in 
feeces, 254 
Vagotonia, 633 
Valvular disease of heart, 663 
combined, 672 
compensation and decom- 
pensation in, 672, 673 
Vascular dilatation, 646 
Vasomotor paralysis, 646 : 
Vene cave, thrombosis of, 687 
Ventrase, 145 
Ventricular systole, intermittent, 635 
Vermicides, parenteral administration of, 
421 
Vermifuges. See Anthelmintics 
Verminous pulmonary phthisis, 515 
Vertigo abdominalis, 107 
Vibrio jejuni, 158 
Volvulus nodosus, 233 
of intestine, 232 
of small intestine and small colon, 233 _ 
Vomiting, causes of, 61 
central, 62 
enzootic, 61 
feecal, 63 
- hemorrhagic, 63 
in acute infective diseases, 61 
in cirrhosis of liver, 393 
in diseases of liver, 62 
in distension of stomach, 114. 
in gastric catarrh, 104 
in intestinal obstruction, .61 
in occlusion of pylorus, 61 
in tumours of stomach, 128 
in vagus compression, 62 
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Vomiting, induced, 105, 124 
prodromal symptoms of, 63 
reflex, 61 
secondary, 61 
sickness, 61 
variations in different animals, 63 

Vomiturition, 64 

Vomitus cruentus, 133 


‘* Walking disease,”’ 389 
Whip worms, 312 
White scours, 580 


| Whooping-cough, 487 
_ “ Winton disease,’ 389 


Wire-worm remedy, 267 

Worm aneurysms, mesenteric, 327 
Carriers, 326, 337 
nodules, 326, 334 


_ Worms, intestinal, in birds, 291, 314 - 


in cat, 290 

in cattle, 305 

in dog, 286, 306 

in fox, 288, 306 

in horse, 282, 304, 310, 323 

in mammals, 314 HA 
in sheep, 284, 331 

in swine, 306 
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Yeast in cecal obstipation, 187 
Yellow crop, 16 

disease, 376 
Yoghurt, 143 


_ Zootrichobezoars,. 86 
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